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THE EVENING STAR. 
THE moon is the nearest world to the earth and the one 
best known to astronomers It accompanies us unceasingly 
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quickly than those of Venus which was insensibly dis 
appearing behind the sun! 


After shining for some months, the beautiful planet again, 
little by little, begins to return towards the sun, becoming 


in our celestial course, and remains indissolubly attached to| more distant from us, and then passes behind him, thus 


our planet, like a faithful satellite, revolving around us at a 
distance of 240,000 miles. But it is only a satellite, and not 
aplanet. Every one knows that there are eight principal 
planets that revolve around the sun, the center of our sys 
tem, and the heart of the immense planetary organism. 
These cight worlds are, commencing with the nearest 
the sun: Mercury, Venus, the Earth, Mars, Jupiter, Saturn, 
Uranus, and Neptune. 

Mercury gravitates at 37,000,000 miles from the sun; 
Venus at 69,000,000; the earth at 95,000,00); Mars at 145,- 
000,000; Jupiter at 436,000,000; Saturn at 909,000,000; 
Uranus at 1,#28,000,000, and Neptune at 2,862,000,000 

The nearest planet to the earth, then, Venus, since 
between the orbits of the two the distance is only 26,000,000 
miles. But she is not so well known as Mars, because when 
she passes at her greatest proximity to the earth, she is then 
between us and the sun, so that we do not her hemi 
sphere, which is enlightened by the latter; while when Mars 

gses at Aés greatest proximity, we are between the sun and 
bimn, so that his enlightened face is turned toward us. But, 
known world, 
good observa 


one 


see 


after the moon and Mars, she is the best 
although we are able, so to speak, to obtain a 
tion of her obliquely only 

She is the most brilliant star of our heavens. 
the evening, after sunset, she has freed herself 
feeble glimmer of the twilight, we see her 
glittering like a limpid diamond, and ar- 
resting the attention of the most indiffer- 
ent persons by the brightness of her pure 
white light. She even attains, under cer- 
tain circumstances, so remarkable a bril- 
liancy that she casts a shadow—a fact that 
I have several times witnessed in Italy in 
1873. At times, too, but more rarely, she 
becomes visible in broad daylight. She 
was observed shining in the heavens, in 
spite of the sun’s presence, in 1876, 1868, 
1860, and 1852. This phase of greatest 
visibility returns about every cight years. 

In 1797 it particularly arrested the atten- 
tion of Parisians, and that of General 
Bonaparte himself, returning as a con- 
queror from the Italian campaign. The 
appearance of the star was associated with 
the victories of the French Republic and 
the rapid fortunes of the young soldier; and 
perhaps the future emperor was not averse 
himself to acce pting a like association of 
ideas; and perhaps, too, this coincidence 
was the origin of his faith in his star. 
Indeed, he believed that he was guided 
by a star. One evening, leaning on his 
elbow at a window of the Tuileries, he 
appeared to be absorbed in vague contem- 
plation, and was fixedly regarding a point 
in the starry heavens, when suddenly turn- 
ing towards Prince Talleyrand, who ac- 
companied him, he said: ‘‘Do you see? 
that is my star! It has never abandoned me. 
shines I will have no doubt of success.” 

The observation of Venus at midday, and with the naked 
eye, is not so modern as generally supposed. The historian 
Varro relates, in fact, that ‘‘2neas on his voyage from Troy 
to Italy saw this planet constantly, in spite of the presence 
of the sun above the horizon.” 


When ir 
from the 


So long as it 


Without giving an exaggerated importance to the passage, 
let us remark that Varro (fide St. Augustine) said, in one of 
his works now lost, that, at an epoch which was already far 
back of his own time, Venus had changed color and bril- 
liancy. This is quite evidently an error due to the appear- 
ance of a comet or of a new star which has been confounded 
for some days with Venus. 

_In 1716, the people of London having regarded the visi- 
bility of Venus in broad daylight as a prodigy, Halley seized 
itas an occasion to calculate in which of her positions the 
planet may be most easily perceived. In 1750, the appear- 
ance of the planet at midday also astonished all Paris. 
This brilliant planet is « ertainly the one that has been most 
observed in former times; first, on account of her brightness, 
and second, on account of her movement. When she dis- 
engages herself, in the evening, from the rays of the setting 
sun, she departs from him a little more every night, increas 
ing in brilliancy, until to a certain distance towards the 
east, appearing, like the moon, to direct herself towards the 
left of the observer. At the end of a few months she has re- 
moved herself from the star of day to an angular distance 
that may amount to as much as 48 degrees. In this case, 
the planet sets more than three hours after the sun 

Brilliant diamond, sparkling in the celestial vault, she 
predominates over all the other beauties of the heavens; and, 
for this reason, she has been, in all ages and among all 

eople saluted by the title, par excellence, of evening star. 
She is the only planet of which Homer has spoken, being 
designated by him as Kallistos—the ‘‘ Beautiful.” Indeed, 
Goes she not appear to be the most beautiful of stars? She 
Was admired as the type of beauty, and her worship reigns 
Supreme in all mythologies. On warm evenings of spring, 
when the perfumed atmosphere diffuses its caressing breath 
over the silent fields, how many times has not the ‘“ Shep- 
herd’s Star” denoted by her rising the long-expected hour 
of “intimate confidences!” How many times has she not 
received the vows of lovers, swearing on the eternal heavens 
and earth a fidelity whose fires were extinguished still more 


| 


ceasing to be the evening star. Some time afterwards a new 


| star is seen to precede the rising of the sun, advancing by 


| imperceptible degrees every day, and eclipsing likewise all 


jances of the same planet 


the beauties of the heavens by its dazzling light. It pro 
ceeds towards the West, that is, towards the right of the 
observer. It is Venus again, now become the Morning Star. 
Before recognizing that there were two successive appear- 
revolving around the sun, the 
ancients believed that they were two distinct stars; the first 
they called Vesper, star of the evening, and the second 
Lucifer, the bringer of light. 

Soon, after having shone with a most brilliant luster, 
towards her greatest eastern elongation from the sun, and 
after having preceded the rising of the latter by three hours, 
Venus resumes her course anew towards the sun and is lost 
in the splendor of his light. She passing then between 
the sun and the earth, and is at her greatest proximity to us. 
This is called her inferior conjunction. Sometimes, even, 
she passes just in front of the sun, as she did in 1874, and 
will again in 1882. This is called a transit, and can happen 
but twice in a century 

The length of a complete oscillation with respect to the 
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sun, that is to say, the time that the planet, as seen from the 
earth, takes to return to the same relative position to the 
sun, is five hundred and eighty-four days, or one year three 


THE FOUR PRINCIPAL PHASES OF VENUS. 


months and twenty-nine days. This length of time is 
naturally the result of the combination of the movements of 
Venus and the earth around the sun. The two planets 
effect their revolution in the same direction, the earth in 365 
days and Venus in 224 

In revolving thus around the sun, the globe of Venus ex- 
hibits phases analogous to those of the moon, and variations 
of size corresponding to her enormous variations of distance. 
This will be easily seen by referring to the accompanying 
figure, where her four principal phases are represented. 
When she is proceeding at her greatest proximity to the 
earth she exhibits an exceedingly narrow crescent, since she 
is then between us and the sun, and presents to us only her 
dark hemisphere. In this position her apparent dimensions 
are greatest, and she then measures 62 seconds diameter, 
which is represented in the figure at A by a diameter of 62 
millimeters. She is then almost wholly against the sun, and 
before long disappears in his rays. Sometimes, as we have 
before said, she passes just between the sun and us, and ap- 
pears yet a little larger (63 to 64 seconds), but she is then an 
absolutely black disk, and is no longer a star, properly 
speaking. In measure, as she departs from us in her move 
ment around the sun, she diminishes in apparent size, while 
her crescent increases in width. The epoch at which the 
star appears most luminous is the one that we have repre- 
sented at the second phase (Fig. B). Then Venus shines at 
a distance of 39 degrees from the sun, either to the east or 
to the west, 69 days before or after her inferior conjunction. 
Her apparent diameter is then 40 seconds, and the breadth 
of her enlightened position is scarcely 10 seconds. In this 
position, only a quarter of the illumined disk is seen. This 
quarter sends us more light than do the more complete 
phases, because the planet becomes rounded only in meas- 
ure as she departs from us and appears smaller and smaller. 
When she arrives at quadrature, at her mean distance from 
the earth, she is seen as a half moon (Fig. C) of 17 seconds 
diameter. And when, finally, she has revolved to the other 
side of the sun and has reached her greatest distance, in her 
position called superior conjunction, we can see her wholly 
illuminated disk, but it has a diameter of only 9 seconds 
and a half (Fig. D). 

The phases of Venus were seen for the first time by 
Galileo, towards the end of September, in 1610. He would | 
have been able to discover them more than a year before, | 
had he directed towards this planet the telescope that he had 
just constructed. But his observation did not appear to| 
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him to be at that moment sure and incontrovertible. In 
order to give himself time to verify this discovery, without 
running the risk of having it snatched away from him, the 
illustrious observer hid it under this anagram: 

Hee immatura ame jam frustra leguntur, 0. y. 

‘‘These things, immature, and hidden yet from others, 
are read by me.” 

By placing the 34 letters of the Latin phrase in another 
order, these very categorical words are formed: 

Cinthia figuras emulatur mater amorum: 

‘*The mother of the loves follows the phases of Diana ”— 
an explicit phrase which no longer retains the vagueness 
of the first, but which clearly affirms the existence of these 
phases. But who would have been able to turn the first 
enigma in this manner to get at its true meaning? 

Galileo was a man of remarkable acuteness. We find in 
the collection of Venturi, a letter from Father Castelli to 
the celebrated philosopher of Florence, dated November 
5th, 1610, and in which the former savant asks Galileo 
whether Venus and Mars might not exhibit phases. Galileo 
answered that ‘‘ there were many researches to be made in 
the heavens, but that, seeing the very bad state of his health, 
he found himself much better off in his bed than out in the 
evening dew.” 

It was on the 30th of December, 1610, only that he an- 
nounced that he had lifted the veil from Venus. This dis- 
covery of the phases of Venus, which exhibit in their general 
appearance exactly the same particularities as Mercury and 
Mars, disposed of one of the first objections that bad been 
raised against the Copernican system. 

Tradition attributes to the astronomer 
of Thorn these prophetic words: 

**Phases exist and would be visible if 
we could succeed in seeing clearly the 
contour of the image.” Let us remark, 
however, that these words are not recorded 
in the ‘‘ Treatise on Celestial Revolutions.” 
There, the celebrated author removes the 
difficulty that had been imposed on him, 
by saying that the matter of Venus might 
be self-luminous, or might allow itself to 
be penetrated and soaked, so to speak, 
with solar light, to such a point that each 
of its exterior constituent parts would send 
back a portion of it earthward. 

Persons with excellent sight have per- 
ceived these phases with the naked eye. 
In 1868 especially (the planet being then 
in its best condition for observation), I 
received several accounts in regard to this, 
The fact, although exceedingly rare, is 
certain; and is so much the more worthy 
of attention, since, previous to Galileo’s 
discovery, no one had suspected these 
phases, the absence of which from the 
Copernican system had been a cause of 
reproach to the latter. It is possible that 
they may have been perceived, but that 
owing to ignorance concerning their real 
existence, the figure observed may have 
been attributed to some optical illusion, 
It is incontestable, in fact, that it is much 
easier to see a thing that we know to 

exist, or to which the attention is specially called, than to 
see the same object under ordinary and indifferent circum 
stances. Thus, for example, since the discovery of the 
satellites of Marsa large number of observers have succeeded 
in distinguishing them in instruments with which they had 
often observed Mars without suspecting their existence. 

The phases of Venus, to beginners in the study of as- 
tronomy, present a very special interest. A telescope of 
medium power is sufficient to recognize them. When they 
are observed for the first time, it is not rare that the observer 
experiences a very explainable delusion which makes him 
believe that it is the moon he sees before him. I have some- 
times had much trouble even, in persuading to the contrary 
certain persons who had thoroughly convinced themselves 
of it, 2nd nothing less than the absence of the moon from 
the heavens would have been necessary to prove to them that 
the star in the field of the telescope could not be our satellite. 
The best hours for examining Venus through a telescope are 
those of the daytime. At night the radiation produced by 
the dazzling light of this beautiful planet prevents the con- 
tours of her phases from being clearly distinguished. 

The exact measure of the apparent size of Venus, com- 
bined with its distance, shows that this planet is almost of 
the same magnitude as the one we inhabit. If we represent 
the diameter of the earth by 1,000, that of Venus will be 
represented by 954. She is, as may be seen, a little bit smaller. 
Expressed in miles, her diameter is 7,800; her circumfer- 
ence consequently measures 23,400 miles. Her volume is 
equal to 87 hundredths of that of the earth; her surface ex- 
ceeds 90 hundredths—that is, it is almost equal to that 
of our planet. No other globe of the solar republic could 
offer such a similitude with our own. 

Calculations agree in proving that this planet weighs less 
than ours. Representing the mass of the earth by 1,000, 
that of Venus would be 787. A knowledge of its volume 
allows us to calculate therefrom the mean density of the 
materials that compose it; it is a little Jess than that of our 
globe—nine-tenths about. Finally, the weight of bodies is 
likewise a little less on tuais planet than on our own; for, 
designating the force of attraction at the surface of the 
earth by 1,000, the same force on Venus would be represent- 
ed by the figure 864. The inhabitants of Venus are a little 
lighter than we. 

By an attentive examination of the irregularities visible 
along the interior line (or terminator) of the crescent, it has 
been ascertained this globe rotates on her axis in 23 





2810 


hours 21 minutes and 24 seconds. The days and nights 
there are then only a little shorter than they are here. 

The year of the inhabitants of Venus consists of only 231 
days. It is divided, like ours, into four seasons, much 
more marked than ours, and each of which lasts only 58 
days 

This neighboring world rotates on an axis still more in 
clined than that of the earth, causing a greater severity in 
the seasons, The inclination of the earth is 28 degrees, that 
of Venus 55. The poet Milton asserts that *‘ the inclina- 
tion of the axis of our planet was produced, after Adam's 
sin, by angels coming in the name of divine wrath to 
chastise the disobedience of our first parents. God being 
absolutely just, the chastisement must have been propor 
tionate to the sin. We must imagine, then, that on the 
world of Venus the first human couple committed a much 
graver sin; and that on this celestial world, neighboring to 
our own, the first man and the first woman were away be 
yond the limits of pardon; for the axis of their world has 
been upturned at an angle more than double that of the 
patrimony of Adam and Eve. The result is that this world 
is far from being calm and tranquil, for it passes by turns 
through the extremes of heat and cold, through all the 
alternations of the most inordinate passion 

The inclination of the world of Venus being more than 
twice that of our own, we have only to take a terrestrial 
globe and incline it that much to learn for ourselves the 
climate and seasons that result therefrom It is easily seen 
that the torrid zone extends, in this case, as far as the frigid 
zone, and even beyond; and that, reciprocally, the frigid 
zone extends as far as the torrid zone, and even encroaches 
upon it, so that there is no place for atemperate zone. There 
is, then, on Venus, no temperate climate, but all its latitudes 
are at once tropical and arctic. 

Now we know that, beneath the tropics, the sun casts his 
rays twice a year perpendicularly from overhead, while that 
in the arctic regions there are days when the luminary does 
not rise at all, and days, too, when he does not set 

Through what vicissitudes, then, must countries 
which are by turns arctic and tropical? At a certain time 
of the year the sun does not rise for one or several days; 
at another time there are one or several days that he does not 
set, and between these two seasons he rises vertically over 
head rhe contrast between the frigid temperature of the 
season deprived of the sun, and that in which the sun of 
Venus, twice larger and hotter than ours, pours down from 
the heavens his burning heat on the soil, certainly does not 
form a very agreeable prospect. Truly, we do not know 
which is the less disagreeable region of Venus to live in; 
there would be searcely any more advantage gained in 
selecting a residence toward the equator than toward the 
poles 

From all these circumstances there result, then, climates 
and seasons that are severer and more varied than ours. The 
agitation of the winds, storms, and rains muat surpass 
everything of the kind that we see and experience here 
The seasons of this planet do not resemble those of the 
earth and Mars; its atmosphere and its seas undergo a con 
tinual evaporation and a continual precipitation of pouring 
rains, and its heavens are covered with clouds that only rarely 
allow the geographical soil of the planet to be perceived from 
here. Judging of it by our impressions, it is certain that we 
would have less pleasure in that country than in our own; 
and it is even very probable that our physical organization, 
as elastic and yielding as it is, could not be acclimated to 
like variations of temperature. But it ought not to be con 
cluded from that that this world is uninhabitable and unin 
habited. It may be even supposed, without exaggeration, 
that the inhabitants of Venus, organized for living in their 
medium, are as much at their ease there as fish are in water, 
and that they judge that our earth is too monotonous and 
too cold to be inhabited by active and intelligent beings 

If there were no communication between the different re 
gions of our globe the natives of all the countries of the 
earth would be at no loss for arguments to make them sup 
pose that their own native land was the best in the world, 
and that it would be almost impossible to live in other coun 
tries. For example, if we did not know that the torrid zone 
was inhabited, and were we unable to visit it, and yet knew 
by calculation how fearful the heat was there, and how 
great were the variations of temperature, and to what an ex 
tent this zone was often devastated by cyclones, hurricanes, 
and tempests, we would have very great trouble in believing 
that any life—either animal or vegetable—could exist and 
develop there. The same reasoning would apply, by a con 
trary process, to the polar, boreal, and austral regions, which 
are, during several weeks, and even months, entirely de 
prived of solar rays, and undergo in the course of the sum 
mer a degree of cold more glacial than that of our severest 
winters. With such ideas in our mind, we would assuredly 
be much surprised to learn that the inhabitants of Peru and 
Columbia on the one hand, and the Lapps and Samoyeds on 
the other, do very well at home, and even refuse to leave 
their own countries to come and dwell in ours. 

Let us add that, from measures made on the irregularities 
of the line bordering the crescent of Venus, the existence of 
very high mountains has been ascertained. The summits of 
these mountains are illumined at sunrise before the plain 
which spreads out at their feet, and the contrary takes place 
at sunset. This is what renders so remarkable the telescopic 
view of the lunar landscapes along the meridians situated 
at the limit of solar illumination. In the vicinity of the 
first quarter, especially, the interior edge of the moon is 
fringed with sharp and deep hollows, caused by irregulari 
ties of the ground, and which produce admirably the effect 
of lacework, when the magnification employed in observing 
them is not sufficiently great to reveal their true nature. In 
reality, one of the most beautiful spectacles in practical 
astronomy, and at the same time one of the easiest to ob 
tain, is, without doubt, that seen when we direct a telescope 
toward the silvery star of night during the beautiful evenings 
that precede the first quarter, and when the astonished eye 
sees detached from the heavens a crescent of liquid silver, 
the contemplation of which lifts our thoughts much above 
the ordinary things of terrestrial life. Now, in measuring 
the distance that separates the summit of a lunar peak thus 
illumined from the limits of the shadow, it has been possible 
to calculate the exact height of all the mountains of the 
moon. 

Analogous phenomena are exhibited by the planet Venus; 
only her great distance renders them difficult of observation, 
and, while we have been able to measure the heights of all 
the mountains of the moon within a few feet, we have as yet 
been able to distinguish only the high table-lands that stand 
out from the surface of Venus, as the Himalayas, the Andes, 
and the Alps do on the earth, but in more considerable pro- 
portions, Measures made on these irregularities agree in 
proving that this neighboring world, although of the same 
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dimensions a8 ours, possesses mountains that are much more ' 
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elevated, and the most colossal of which reach a height of 
145,000 feet above the lowest level of the land. 

Although Venus receives from the sun twice more heat 
than we, these mountain summits and the high table-lands 
of her geography may be endowed with a temperature lower | 
than the mean temperature of the inhabited regions of the | 
terrestrial globe. The temperature of a world does not de- 
pend solely on its distance from the sun and the quantity 
of heat received from it, but it depends especially on the 
state of the atmosphere. In fact, if the temperature be very 
agreeable at Chamounix and in the valleys of Switzerland, 
it is not the same at the summits of Mont Blanc and the 
Alps, that are crowned with eternal snows. And yet all 
these points are at the same distance from the sun, and re 
ceive the same quantity of heat. A very dense atmosphere, 
saturated with watery vapor, condenses the solar rays and 
accumulates them at the surface of the earth as in a green 
house. On the contrary, a very rare and very dry atmo 
sphere allows all these rays to escape and be lost without 
the soil having received any benefit from them. Measures 
made of the atmosphere of Venus demonstrate not only 
that this atmosphere exists, but also that it is more ele 
vated and denser than that which we breathe. The daz 
zling whiteness of the light reflected by Venus leads us to | 
think, moreover, that this atmosphere is highly charged with | 
clouds It is probable, then, that this protecting layer tem 
pers the rigor of the two opposite seasons. As we have re 
marked above, the situation of Venus with respect to the 
earth is not convenient for a study of her geography, and we 
are far from having been able to obtain, on this point, the 
documents that enabled us to begin the geographical map of 
Mars. It appears probable, however, that the seas extend 
principally over the equatorial region. 

One more and final question: 

How do we appear from up there? 

It is certainly not disagreeable to us to remark, in con 
clusion, that, seen from Venus, the earth is a star of the first 
magnitude, very luminous, and shining at midnight in the 
midst of the constellations While our anxious thought 
secks to lift one corner of the veil, while our ardent 
tly off toward the upper horizons of creation, and ask how 
those beings that inhabit Venus are organized, how our 
neighbors across the way think, how we appear to them from 
their part of the heavens—no doubt there are at this hour 
pensive souls up there who ask precisely on their side what 
beings inhabit our planet and chat with each other (as we 
ire doing now at this moment), asking whether our cor 
poreal organization resembles theirs, whether we enjoy the 


souls 


faculty of thought, whether we are acquainted with astron 
omy, and whether we see them also from our part of the 
heavens. So there live, at the same time as we, in the uni 


verse, human races, sisters of our own, borne along like us 
in the vortex of universal and eternal life. 
CAMILLE FLAMMARION. 


[Continued from SurrLement No. 175, page 2784.] 
ON THE MINUTE MEASUREMENTS OF MODERN 
SCIENCE. 
By ALrrep M. MAYER. 
ArtricLeE XLX.—(ConTINUED.) . 

On the Measurements of the Le ngths and the Wuves of Light; 

preceded by short accounts of the Undulatory Theory of Light 

and of the Phenomena of Diffraction and Interference of 

Light. 


We are now in possession of all the information necessary 
to proceed to the measure of a wave length; in other words, 
to find out some means of measuring the C a, Fig. 78, in- 
cluded between the perpendicular, D a, and the edge, C, of 
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the slit, CD. The distance, rs, was found to be 15-100ths 
of an inch, while C D was 15-1,000ths of an inch, and ms 
was 98 inches. With these numbers the above proportion 
becomes 


ms: ra: CD: Ca = 98: -15:: O15: 0000242, 


which gives 0000242, or 242-10,000,000ths of an inch. for 
the length of a wave of light, which causes in the eve the 
sensation of red. ‘“ 
Those who understand trigonometry know that the dis 
tance, Ca, Fig. 78, or the wave length, is equal to the length 
CD (the width of the slit), multiplied by the sine of the 
angle, C Da; but this angle, C Da, is equal to the angle 
rms, by reason of the triangles, C Da and rms, being 
similar. The angle, » ms, we will soon see, can be very 
readily and accurately measured by means of a divided circle 
and telescope. Then with the measure of this angle we obtain 
the wave length, C «, by multiplying CD by the sine of 
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the angle, 7 ms; or, calling the wave length, /, we have the 
formula— 


s=O0D 


Causing light which has come through old red glass to 
fall upon a slit which was 1°353 millimeter wide, it was 
found that the angle, 7 m*, was 1 38". The sine of 1’ 38 
equals 000475, which, multiplied by 1°353 millimeter, the 
width of the slit, vives 000642, or 642-1,000,000ths of a milli 
meter, for the lenyth of the waves of this red light 

The length of a wave of violet light was in like manner 
found to be 0000146 of an inch; while green light was found 
by similar measures and computations to be composed 
of waves of ether ‘0000195, say 00002, or 1-50,000th of an 
inch long. These waves of green light are of about the 
average length of the light waves, which we may therefore 
remember as being about 1-50,000th of an inch in length. 
More accurate measures of wave lengths, made by more re- 
fined methods, will be given further on. The above measures 
by the process described are given by way of illustration. 

Since light travels as the rate of 185,000 miles in a second, 
it follows a ray of light of that length (185,000 miles) enters 
the eye in one second. Hence there are as many tremors or 
vibrations produced in the retina of the eye in one second as 
1-50,000th of an inch is contained in 185,000 miles. Making 
the calculation, you will find that 586,000,000,000,000, or 
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the slit. This is not at all difficult todo. We measure with | 
accuracy the width, C D, of the slit; then the distance from 
the center, x, of the first black band, on the right of r, to the 
center, 0, of the first black band, on the left of 7. One-half | 
of this distance, #0, is equal to rs. Then we measure the | 
distance from the center, m, of the slit to the center, 8, of | 
the first dark band. With the measures of these three | 
lengths, C D, rs, and ms, we can readily compute the dis- | 
tance, Ca, or the length of a wave of light. The two} 
triangles, Da C and mrs, are similar, for they are right- 
angled at a4 and at r, and the sides, Da and D C, of the trian- 
gle, DaC, are respectively perpendicular to the sides, ms 
and mr, of the triangle, mrs. Therefore these two trian 

gles are similar, and we have the proportion, ms: rs::C D: 
Ca. Inan experiment we evel red light to come through 





586 millions of millions of vibrations act on the retina in one 


second of time ! ; 

The method which we have just described for measuring 
the lengths of the waves of light is not very accurate, by 
reason of the impossibility of making an accurate measure 0 
the angle, r m s, Fig. 78, because of the difficulty of ascer- 
taining the exact center of the dark bands of the diffraction 
spectrum formed by light traversing a single slit. There- 


fore, instead of passing the light through a single slit, it 18 


passed through many very fine contiguous slits, or apertures, 


made by ruling with a diamond several thousand fine lines to 


the inch on a plate of glass. If we hold before the eye such 


aruled plate (known as a diffraction grating), with its lines 


vertical, and look through it at a distant illuminated vertical 
slit, we shall see the slit just as if the grating were not 8 
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front of the eye, but we will observe, besides this, a series of 

gpectrit arranged to the right and to the left of the slit, with 
ther violet ends turned towards it. These spectra have been 
named, in order of their removal from the slit, as the spec- 
trum of the first order on the right or left, spectrum of the 
second, third, fourth, etc., order on the right or left. These 
spectra are of great beauty, the spectral colors appearing in 
all their purity, and crossed at right angles to their length by 
pundreds-of dark lines called the Fraunhofer lines. 

The best way to observe these beautiful phenomena is to 
place the grating on an instrument known as a spectrometer 
Fig. 82), and to look at the spectra through a telescope 
directed towards the grating. The grating shown at G is 
placed in front of a telescope, T, known as a collimating 
telescope, Which is formed of an object glass at O, with a 
slit at E placed at a distance from the object glass equal to 
the length of its principal focus. In consequence of this 
arrangement the rays of light which have passed through the 
slit, 8, issue from the objective, O, in parallel lines; so that 
when we adjust the focus of the telescope, T, to a distant 
object, and then look through it into the object glass of the 
collimator, we will see the slit distinctly in focus in the tele- 
sope, T. The collimator, 5 O, is stationary, but the tele- 
scope, T, rotates around a vertical axis, and thus can be 
brought to view the spectrum of any order to the right or to 
the lett of the image of the slit. Opposite to the telescope, 
T, is an arm carrying a weight, W, which counterpoises the 
weight of the telescope, and brings its weight and that of W 
directly downward in the direction of the central axis around 
which the telescope revolves. The telescope in its motion 
carries two arms, A and A’, to whose extremities are at 
tached the two micrometer-microscopes, M and M’. These 
microscopes in their motion run over the graduations on the 
border of a glass circle, C, and thus give the angular dis- 
tances of any point of aspectrum from the center of the 
image of the slit. These divisions on the circle are cut with 
. fine diamond, and are illuminated by mirrors placed under 
the glass « ircle One of these mirrors is shown at R This 
drawing is from the instrument designed and constructed by 
Mr. Lewis M. Rutherfurd, of New York, who is the first 
person, | believe, to construct an angle-measuring instru- 
ment with its eraduated circle of glass: The advantages of 
a glass circle are: First. That the lines of the graduation may 
he of any desired fineness. Secondly. Facility of illuminating 
these lines by reflecting light to them through the glass 
cirele, and thus permitting them to be examined by micro- 
seopes magnifying several hundred diameters. Thirdly. 
Smaliness of dimensions of the circle, combined with great 
accuracy. in the readings. Fourthly. Cheapness. Fifthly. 
Avoidance of flexure and effects of unequal heating of the 
circle. 

The circle, C, is ten inches in diameter, and is divided into 
10 minutes of are by Mr. Stackpole, of New York. The 
diamond point with which these divisions were cut was so 
excellent that the lines are of the greatest delicacy, being 
much finer, as seen in the microscopes, than the spider lines 
by means of which bisections are made with the microscopes. 
The two micrometer-microscopes, M and M’, magnify 75 
times, and each whole turn of their screws equals one 
minute. As the heads, P, P’, of these screws are divided into 

60 parts, it follows that one of these parts equals one second 
ofare. Mr. Rutherfurd has found that the errors of succes- 
sive bisections of a line on his circle is less than half a second 
of are. Ina short account which Mr. Ratherfurd has pub- 
lished of his new circle, he says : 

“Tam convinced, from the ease with which one second is 
read on my instrument, with microscopes only 44 inches 
long, including objectives and eye-pieces, that upon a circle 
of 15 inches, provided with powerful microscopes, greater 
precision could be attained in the reading of angles than 
with the largest metallic circles now in use 

“ For the purpose of showing the degree of precision at- 
tainable, | add two series of bisections of lines on the circle 
made by myself and two made by a lady, marked respect- 
ively R. and M.: 





R R M. M. 

75" 18 23°6" 11:0" 
74 13 23°6 112 
77 19 23°3 11°8 
74 18 23°38 110 
73 1°8 24°5 10°9 
76 18 239 115 
77 19 23°7 11°5 
74 20 240 11°5 
76 23 230 110 
78 2°3 24°3 11°4 

Mean, 7°54 1°89" 23 86° 11°28" 


“It will be readily seen that the probable error of any 
single reading in any one of these series is considerably less 
than half a second, while the probable error of the mean of 
any series isa much smaller fraction.” 

With this instrument one can measure in the spectra of the 
different orders the angular distances from the center of the 
image of the slit to the various Fraunhofer lines in these 
spectra; and from these angular measures, together with a 
knowledge of the exact number of lines on the grating in an 
inch, we can readily compute the wave-lengths to the last 
degree of precision, as we shall presently show. 

The angular distance from the center of the image of the 
slit to the same Fraunhofer line in the spectra of the different 
orders will be nearly in proportion to the number of the 
order of the spectrum. 
tance of one of the D Fraunhofer lines in the spectrum of 
the first order from the center of the slit, then this angular 
distance will be 2a, 3a, 4a, in the spectra of the 2d, 3d, 4th, 
ete., orders. It follows from this that the length of the spec- 
trum of any order will be as the number of the order; thus 
the spectrum of the 4th order is four times as long as the 
Spectrum of the Ist order. The length of the spectrum of 


any given order will be inversely as the distance between the | 


lines of the grating. ‘Thus, a grating of 10,000 lines to the 
inch will give a spectrum of any given order twice as long as 
the spectrum of the same order given by a grating having 
9,000 lines to the inch. 

_ We will now explain the action of a grating on a beam of 
light which traverses it, and will show how, with a grating 
and aspectrometer, the waves of light are measured. In Fig. 
33, G G represents a grating having apertures in it at a, d, ¢, 
dk. RR, R, R, R, are rays of light from the collimator, 
falling perpendicularly on the plane of the grating. When- 
ever light falls upon such narrow apertures as those in the 
grating, each point in these apertures becomes a center of 
origin of vibrations, and from each of these points rays 
diverge in all directions on the side of the grating opposite 
to the ineident rays, R, R, R, etc. All the particles of ether 
situate in the plane of the apertures in the grating have the 
same phase of vibration, and therefore all those rays which 
have traversed the grating in the same direction in which 





Thus, if we call @ the angular dis- 





they struck it will have the same phase of vibration when 
brought together in the focus of a lens on a screen, or in the 
| focus of the eye on the retina, and will form on these sur 
faces a white image of the slit of the collimating telescope. 
This is not the case, however, with bundles of parallel rays 
which diverge laterally—say in the direction a@e,bf cg,dh, 
etc. If these rays be brought to a focus, F, by the lens, L, 
we will see at F not a white image of the slit, but a colored 


one; and the kind of color which is formed at F will depend | 


/on the inclination of the diffracted rays to RN, a perpen 
dicular drawn to the plane of the grating. Suppose that 


|the diffracted rays, ae, bf, eg, etc., are so inclined to the | 


| plane of the grating that a perpendicular, > 1, let fall from 
| the center of one opening in the grating to the parallel ray, 
ae, emanating from the center of the contiguous opening, 
cuts off on the ray, @ e, a distance, a 1, equal to the length of 
a wave of violet light of a certain tint. Imagine other per- 
pendiculars, ¢ 2, d 3, etc., let fall in like manner upon the 
ray, a ¢. Now, if all these rays, a e, bf, c9,dh, ete., be 


brought to a focus at F, the vibrations of the ether at this| have the advantage over other standards now 
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quantities as explained in the previous formula, /=sx sen d 
In Mascart’s formula d stands for the angle of minimum 
deviation just referred to. 

Mascart concluded, from his measures of wave lengths, 
that the upper or more refrangible of the two D-lines of 
Fraunhofer has a wave length of ‘0005888 of a millimeter 
This measure is the same as that made by Fraunhofer, and 
physicists now generally adopt this determination as exact, 
and use this line as a point of departure in making measures 
of wave lengths. If the wave length of any one ray is 
known to the last degree of precision the position of this 
ray in the spectrum may afterward serve as a point of de- 
parture in the determination of other rays by merely ob- 
serving their angular distances from this standard’ray. 

If we knew with absolute certainty the length of a definite 
ray in the spectrum corresponding to one of the lines of 
Fraunhofer, this length would readily be a natural standard 
jof length, and might be used as such for building up, by 
its multiples, the standard of length of the world. It wotild 
existing 


| focus will all have the same phase, and therefore the lens will | that it could be readily reproduced if lost, and could be 
| produce at F an image of the slit, which will be formed of | readily obtained by men of science in any part of the globe. 
violet light; and the intensity of this light will equal the | The manner in which this new standard of length may be 


sum of the intensities of all the separate parallel rays, a e, 47, 
eg, ete., which converge tothe focus. The same action will 


obtained is about as follows: Having selected a certain 
Fraunhofer line in the spectrum, or what would be as well, 


take place with any other set of rays parallel to those just, a bright line produced by the incandescence of a vapor like 
described and all starting from symmetrically placed points | that of sodium, we proceed to measure its angular detlection 


in the openings. From the above it follows that all rays 
emanating from the opening and parallel to the rays, a e, bf, 
eg, cte., and having wave lengths equal to @ 1, will act to- 
gether in their vibratory motions when brought to a focus at 
F. But it is not so with other rays which, although parallel to 
the rays ae, bf, ete., the length of whose waves does not 


i from the image of the slit. This we do by measuring the 
) angular distance, separating the position of this line in a 
spectrum of a certain order on the left from its position in 
the same order of spectrum situate on the right of the axis of 
the collimator; the half of this angular measure equals the 
| angular distance of the line from the image of the slit in the 


equal « 1, for they will not have the same phase of vibratory ! collimator. 


motion when brought to meet at the focus, F. To make 
this clear, let us consider a series of rays of red light which 
proceed parallel to ae, bf, ete., and come to a focus at F. 
These rays are formed of waves which are nearly twice as 
long as those forming violet light; or, in other words, they 
are nearly twice as long as the distance « 1; hence red rays, 
which have emanated from symmetrically placed points in 
two contiguous openings of the grating and proceed ina 
direction parallel toa e, will, on meeting at the focus, F, all 
differ by half of an undulation, and hence red light cannot 





exist at F with an inclination of diffracted rays equal to | equidistant. 
l 


Ne F, but can only exist at a point at such angular distance 
from R N that the perpendiculars let fall from a } ¢ and d on 
to # e cut off on this latter line distances which are respect- 
ively equal to double the lengths @ 1, a2, a3, a4. iP in- 
deed, the wave lengths of two rays emanating from sym- 
metrically placed points in two contiguous openings and pro- 
ceeding parallel to a e, differ by only 1-1,000th of the wave- 
length of one of these rays, then these rays will also inter- 


Now in the formula, /=s ain d, we determine /, the wave 
length, from the measure, 4, the distance between two con- 
tiguous openings on the grating, and d, the angular distance 
of the ray (corresponding to /) from the image of the slit of 
the collimator; but in our determination of the standard 

| the wave length, /, is supposed to have been already mea- 
; sured and known to the last degree of precision, and our 
problem is an inverse one, viz., to determine s, the distance 
between the centers of two contiguous openings in a grating 
whose lines are cut so that they are straight, parallel, and 
This measure, 4, is given by the formula, 


a= Now knowing 8, we can determine the width of 





sind 
the whole grating by counting the number of lines on it and 
multiplying this number less one by the distance, «. The 
width of the grating is now known, and this measure we 
use as the length from which our standard is built up. 
In the following table we give the wave lengths of the 


fere when brought to the focus at F, because the phases of | principal Fraunhofer lines of the solar spectrum as deter 


the vibrations of the rays symmetrically placed in the first 
and second opening of the grating will differ by 1-1,000th of 
an undulation; similarly, those rays emanating from the 1st 
and 501st openings will differ by 500-1,000th or half of a 
wave-length, and therefore will interfere. The same inter- 
ference will take place between the rays from the 2d open- 
ing and those from the 202d, and those from the 4th and 
504th openings, and so on. Hence rays of light having any 
other wave-length than @ 1 will almost completely disappear 


as light by their interference, and the light concentrated at the | 


focus, F, will be that which is produced by ethereal vibra- 
tons of wave lengths equal to a 1. 


The same reasoning | 


holds good for any bundle of parallel rays having diffracted | 


angles different from N ¢ F, and the consequence is that the | 


lens will form a pure spectrum at its focus, F. 
above discussion it is apparent that there is a connection 
existing between the angle, N ¢ F, of the diffracted rays, the 
length, @ 1, and the color observed at F. The color at F 


From the | 


varies with the angle, N ¢ F, or, what is the same, with the | 


length, @1. In the red rays at the extreme end of the spec- 
|trum the angle, N ¢ F, is at its maximum, and a@ 1 has a 
length of about -00077 of a millimeter, for the extreme violet 
| rays at the other end of the spectrum, the angle, N c F, is at 
its minimum, and «1 is about (00039 of a millimeter long. 

It is now clear that the determination of a wave-length 
comes to the measurement of the length,a1. To measure 
| this length, we first determine the distance between the 
centers of two contiguous openings in the grating. This we do 
by measuring the whole breadth of the grating, and dividing 
this breadth by the number of lines, less one, cut on the 
grating. We then measure the angle, N ¢ F, corresponding 
to any given color or Fraunhofer line in the spectrum, by 
means of the telescope, T, and divided circle C, Fig. 82. 
Now, since the angle a1 is equal to the angle Nc F- it 
follows that a1 is equal to «@ 4 multiplied by the sine of 
Ne F, which is the same trigonemetrical calculation that 
gave us the length, C @ (the wave-length) in Fig. 78. Let s 
stand for a 6, d for the angle, Nc F, and / for a1, or the 
wave length; then /=sxsin d. If the ray, a e, and symmet- 
rically placed rays, be inclined to the plane of the grating 
so that the perpendicular, } 1, cuts off on ae, a distance, 
«@ 1 equal to two wave lengths, we shall have the same ac- 
tions over again, only the spectra produced by them will be 
more deflected to the side of the image of the slit, and thus 
are produced the spectra of the 2d, 3d, 4th, ete., orders, 
The wave length of a certain tint can be determined from 
angular measures on this tint made in the spectrum of any 
order; and then if we call 2 the number of the order of the 
sxain d 


spectrum, we have the formula /= 


”% 

In the majority of the measures which have been made 
to determine wave lengths to form the mass of ‘‘ the normal 
solar spectrum,” the plane of the grating is placed in the 
axis of a divided circle, and is adjusted so that the plane of 
the grating, C, Fig. 82, is at right angles to the line of col- 
limation of the collimating telescope, O, carrying the slit, 5. 
The observing telescope, T, is placed on the other side of 
the grating, and rotates around the axis of the instrument, 
while it carries with it the ey Ee which 
run over the graduations on the circle, C, and serve to 
measure the angle N e F, of Fig. 83. 

Mascart, now Professor of Physics in the College de 
France, made a notable improvement in this process of 
measuring wave lengths. He placed the plane of the grating 
not perpendicular to the axis of the collimator, but tilt 
the plane of the grating to the axis of the collimating tele- 
scope till the Fraunhofer line, whose wave lengths he wished 
to measure, appeared with its least angular deviation from 
the axis.of the collimator, By this method Mascart obtain- 


ed great simplicity of adjustment, combined with increased |; fresh hold on the feed-wheel, B 


accuracy, in his measures. In Mascart’s method the for- 


mula already given for measuring the waves becomes 
d 


° 
- 


\! = — sin -. The letters in this formula refer to the same | 
n 2 


mined to the ten-millionth of a millimeter by the observers 
named at the heads of the columns: 
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| 

| 

Diesen = —— ; - . 
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The differences which the reader will detect in the above 
determinations of the wave length of the same ray of light 
by different observers are not due entirely to the differences 
which always exist between real measures of precision, but 
they are owing principally to the differences existing in the 
character of the rulings on the diffraction grating used by the 
several observers, and the uncertainty existing in their deter- 
minations of the distances separating the centers of con- 
tiguous openings in their gratings. 

All investigators in optics, till quite recently, obtained 
their diffraction gratings of the celebrated mechanician, 
Nobert. The best gratings known to us are those which 
have, for several years past, been cut on a ruling-engine 
devised and constructed by Mr. Lewis M. Rutherfurd, of 
New York city. By the courtesy of the publishers of the 
New American Cyclopedia we are permitted to present the 
readers with a cut and description of this ruling-engine, 
taken from ‘‘ Spectrum,” an article written by the author. 

On a hollow cast-iron block, see Fig. 84, are cut, at right 
angles to each other, two V shaped guides. On one of these 
guides slides the iron plate, D, moved by means of a screw 
acting in a nut attached to its under surface. On this plate 
is fastened the plane piece of glass or speculum metal which 
is to be ruled; on the other guide slides the plate, LJ, 
having a reciprocating motion given to it by a lever, the 
action of which will be described further on. To this plate 
is attached the tool holder carrying the diamond-pointed cut- 
ter. The motive power of the machine is a small turbine, 
from which passes a cord around the driving wheel. On this 
driving wheel is a pin to which is jointed the connecting 
rod, A F. This connecting rod is hollow, and in it moves a 
rod which is constantly pressed toward the pin on the driv- 
ing wheel by the spring shown at A. When the rod, A F, 
moves upward, the arm, F I, oscillates on its rocking shaft 
(the end of which is seen in the figure, projecting horizon- 
tally), until the end, I, of this arm comes against the fixed 
pin placed under it, and in contact with which it is shown 
in the drawing. Just before this upward movement of the 
rod, A F, begins, the pawl, H, falls into a notch on the feed 
wheel, B, which is attached to the screw of the engine, and 
during the upward motion of the rod, AF, the pawl, H, 
presses against the notched wheel and rotates it a definite 
fraction of an entire revolution. The pawl, H, having com- 
pleted its ‘‘ throw,” the crank-pin on the driving wheel passes 
its upper center, and then the slotted lever, G, lifts the pawl 
out of the teeth of the wheel, B, so that no jarrings or tremors 
are given to the machine while the pawl is retreating to take 
A pin attached to the 
connecting rod passes through a slot in the tube, AF, and 
serves to hold the two together when the rod is making its 
downward motion. The amount of rotation to be given to 
the feed-wheel, B, is regulated by rotating to the right or toe 
the left the collar on the rock shaft, to which the pawl, H, 
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Directing attention to the plate, L J, to which is 
attached the cradle, N, carrying the diamond pointed rod, 


is jointed 


M, we observe, ut K, the right hand end of a rod, the extrem 
ities of which pass through holes in the iron frame of the 
engine. This rod is moved parallel to the V guide of the 
plate, LJ, by means of an oscillating lever which works ina 
vertical slot attached to the rod, K, and is fixed on the same 
rock-shaft which carries the lever, FI. Projecting upward 
from the rod, K, is a short rod whose end shown at L. 
This rod moves in a short slot cut in the direction ef the 
length of the plate, L J, as shown in the figure. The action 
of the cutting point of the tool, M, can now be explained. 
While the pawl, H, is rotating the feed-wheel, C, the rod, L, 
presses against the left-hand end of its slot and moves the 
shde, J, from right to left. The plate, J, cannot move as 
above indicated, until the rod, L, touches the left-hand end 
of its slot; and when it reaches this position, the left hand 
end of the rod, K, has moved to the left sufficiently to press 
against the lower point of the cradle, N, and hold the 
diamond pointed tool, M. elevated above the plate of glass 
or speculum metal during the entire left-hand motion of the 
plate, J. When the end, F, of the lever, FI, descends, the 
rod, K, moves from left to right, and the projecting pin has 
to move up to the right hand end of its slot before it can 
push the plate, J, to the right. During this motion of L in 
its slot, the left end of the rod, K, has allowed the diamond 
point on M to rest on the glass plate, so that before the plate 


is 





J, begins its right-hand motion the diamond point is at rest 
on the plate to be ruled The plate, J, now moves to the 
right, and the diamond point cuts a line. But the diamond 
point is lifted before the right-hand motion of the plate, J, 
ceases, by the side arm, O, of the cradle, N, coming against 


the inclined surface of the7 side piece, P The diamond is 
thus raised, and is held in this position by the depression of 
© against P, until the left-hand end of K has moved up to 
the cradle and holds the tool elevated during the motion of 
the plate J, to the left. After this motion has ceased, the dia 
mond is lowered to the glass plate, and another cut is made 
and so on, the machine working automatically until the plat 
is ruled. The pitch of the screw is 1-48th of an inch; hence 

by knowing the fraction of the revolution made by the screw 
between two successive cuts of the engine know the dis 
tance, a fraction of 1-48th of an inch, separating the centers 
of two contiguous lines on the gratir The diameter of the 


we 


feed wheel, B, is 6 in., and from this dimension the reader 
may estimate the size of the other parts of the engine Phe 
excellence of the work done by this engine depends on cer 
tain peculiarities of construction |. Theerrors in the throw 
of the screw, caused by its eccentricity, or want of coinci 


dence of the axis of figure of the screw and its axis of motion 
are corrected by giving to the feed wheel, B, an eccentricity 
opposed to that existing in the screw. The screws at C,C,C,C, 
serve to alter the position of the center of the feed wheel, B, 
and thus to obtain the required eccentricity. This balance 


of opposing eccentricities is obtained by a delicate and pre 
cise method devised by Mr. Rutherfurd. A grating ruled 
by the engine on speculum metal is examined at such an 


angle of reflection that the light reflected from the plate ap 
pears of one color, for example, red. If we could cause the 
lines on this grating gradually to approach each other, and 
narrow the spaees separating them, we should observe the 
red tint becoming gradually lighter in hue, and gradually 
changing 0 orange, yellow, green, etc. Hence uniformity 
of tint is an indication of uniformity of ruling; therefore, if 
we tilt a grating placed in front of a flame and examine it by 
means of a lens and find it of a uniform color, we are sure 
that the screw is doing accurate work; but if the screw has 
a periodic error-like eccentricity, then we shall observe a 
columnar appearance on the plate, owing to periodic varia 
tions in depth of color. By a careful comparison of the 
positions of these colors with the known positions of the 
screw when the corresponding portions of the grating were 
cut, we ascertain the direction in which to move the center 
of the feed wheel, B, in order to correct the eccentricity of 
the screw. 2. The nut in which the screw of this engine 


int 


works is three inches long, the threaded portion of the screw 
being 3 1-2 inches long Phis long nut tends to preserve the 
accuracy of the engine’s work. 3. The original method de- | 


vised by Mr. Rutherfurd to obtain rectilinear V guides is a 
new and important feature of this engine A collimating 
telescope with a vertical slit, or cross-threads at the focus of 
its object glass, is placed in a firm position in aline with the 
guide to be tested On the slide which moves on the V 
guide is fastened a telescope with cross-threads at its focus. 
The slit of the collimating telescope is viewed in the other 
telescope asthe slide carrying the latter is moved to and from 
the collimator. If the slit is constantly bisected during the 
motion, the guide is accurate; but if the image of the slit 
moves when referred to the cross-thread, then the guide has 


to be corrected until by trial the image of the slit remains} 


stationary during the motion of the telescope 4. The pawl, 
H, during its retraction does not fall over the teeth of the 
feed wheel, and by jarring the machine cause the diamond 
to cut an irregular or wavy line. 5. The method of lifting 
the diamond point while it is obtaining its position for a new 
cut is the simplest we know of. 6. The screw of this engine, 
on which its work mainly depends, is constructed as follows 
A screw is first cut in a lathe with a single pointed tool, then 
scored; it is then hardened, and thus a tap is obtained. This 
tap is now centered by its threads, and cylinders are ground 
on its ends so that they are concentric with the threads of 
the screw Blocks of metal are now firmly screwed on the 
bed-plate of a planer, and V's are cut in these blocks to 
support the cylindrical end of the screw tap. A stock hold 
ing blank dies is placed in the tool holder of the planer, and 
these dies are screwed against the screw tap. The stock is 
then firmly screwed to the tool holder. ‘The threads of the 
dies are now cut by re tating the screw tap two or three 
times through the dies; then, relieving the die stock in the 
tool holder, the dies are again tightened ov the screw tap; 
the stock is now screwed tightly on the tool holder, and the 
screw tap is again traversed through the dies. This opera 
tion is repeated till the dies are finished, when they are 


hardened. A screw which is to serve for the ruling-engine is 
now cuton the lathe with the same single-pointed tool 
which cut the thread of the master tap. This screw is 


nearly finished on the lathe. It is then placed in the same 
V's which previously held the master tap, and the dies just 
described are placed in the tool holder of the planer, and 
with them the thread of the screw is finished. The screw is 
now rotated on its threads in along castiron V, and shoulders 
are turned down the ends of the shaft of the screw 
The nut for this screw is cut with « single pointed tool 
The screw is now run into its nut, and they are ground 
together with powdered pumice stone. The screw of this 
engine has only one collar, on which it turns near the feed 
wheel, 8. The other support of the screw is the long nut. 
Without this arrangement, Mr. Rutherfurd ‘found it im 


on 


possible to cut regular gratings. 
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A NEW THEORY OF TERRESTRIAL MAGNETISM. | by observations with his electrometer, that all the pheno. 


By Profs. Perry and AYRTON. 


Art a recent meeting of the Physical Society, London, Mr. 
Ayrton explained, on bebalf of Prof. Perry and himself, a 
theory of terrestrial magnetism which has the great novelty 
that it makes the existence of the earth’s magnetism depend 
solely on the earth’s daily rotation, and does not require, as 
do all other theories based on electro-magnetic phenomena, 
the existence of other bodies in the universe. In fact, they 
have arrived at the result that if any body of any material has 
a static electric charge, and if it rotates about an axis, then 
per se there will be a magnetic field in the interior of this 
body as well as in the neighborhood outside 

In 1876, Mr. Rowland, working in Professor Helmholtz’s 

laboratory, proved experimentally that a quantity of electri 
city in mechanical motion acted like an electric current in 
deflecting a magnet, and it is on this result that Prots, Per- 
ry and Ayrton have based their whole theory. For they 
point out that since the points near the surface of the earth 
have different linear velocities from those in the interior 
ilthough all the points bave the same angular velocity of 
rotation round the earth's axis), it follows that if the earth 
had an initial electrical charge, residing of course in accord- 
ance with the well known electrical law on its surface, the 
electrified particles would have velocities relative to the re 
mainder; hence, as a direct consequence of the results of 
the experiments published by Professor Helmholtz, the in- 
terior of the earth would be a magnetic field, quite indepen- 
dently of its interior constitution, and precisely similar rea- 
soning, of course, proves that outside the earth's surface 
there would also be a magnetic field. 

In order to solve the difficult problem of determining the 
electro-magnetic potential at ary place, they have calculated 
the magnetic forces produced at any point, first by the rota- 
tion of a small electrified area on the surface of the earth, 
and then, by summation, the force produced by the rotation 
of the whole electritied surface; and they have shown that 
these forces are the same as would be produced by certain 
definite distributions of attracting matter over the earth’s 
surface, from which, by the use of spherical harmonics, 
they have arrived at the conclusion that if the earth had an 
angular velocity of rotation around its axis, #, and a uniform 
electric density then there must in electro-magnetic 
potential at any point inside the earth equal to— 


be 


‘ 
t 


—20 wr cos 4, 
3 
and at any point outside the earth— 
iz l 
20 w — cos 9, 
3 * 


where the unit of length is the earth’s radius, r, the distance 
from the earth’s center of the place in question, and @ its 
co-latitude 

Now this electro-magnetic potential will be accompanied 
with certain magn-tic forces varying from point to point, 
ind che magnitude of these forces will depend on the inte- 
rior constitution of the earth. As an example of their con 
clusion, they examine what would be the distribution of 
magnetic intensity if the earth consisted of a hollow iron 
shell, and they have, using Poisson's formula, arrived at the 
following result: If such an iron shell bas an initial uniform 
charge of static electricity, and if it has an angular velocity 
of rotation round a diameter, then, independently of all 
other bodies in the universe, and independently of the co- 
efficient of magnetization of the iron, there will be at any 
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point on the surface of the sphere, having a latitude, 2, a 


magnetic force proportional to— 


si ie? 


f1+3 

But this result is the same as that given by Biot’s well 

known law for the distribution of magnetic intensity on the 

earth’s surface, hence giving considerable probability to 
their theory. ; 

It is important to notice that in previous examinations of 


mena brought to light by atmospheric electricity, on a tine 
day, would be observed just as they are if the earth had a 
negative charge. 

Lastly, in order to get a rough approximation of what sum 
be the difference of electric potential between inter planetary 
space and the earth, so that its own electric charge alone 
combined with its known rate of rotation round its axis 
shall produce the earth’s magnetic moment, as determined 
by Gauss, Profs. Perry and Ayrton take as an example a 
solid sphere of iron of the size of the earth, and rotating 
with the earth’s known rate of rotation, and they prove 
mathematically that something like a difference of potential 
a hundred million times the electromotive force of a single 
Daniell’s cell would be sufficient for this purpose. They 
notice that there is no difficulty in imagining such a differ, 
ence of potential to exist between the earth and inter-planet- 
ary space, seeing that there exists between the earth and 
the planets an enormous region of space having an insula. 
tion far higher than that of such a vacuum as experiment 
has shown will not allow the passage, from one point to 
another very near it, of a spark produced by a large indue- 
tion coil 

Lastly, they draw attention to the fact that they have as. 
sumed the distribution of the electric charge on the curth’s 
surface to be uniform, and so have arrived at a distribution 
of magnetic intensity dependent only on the latitude of the 
place, but that since it is possible that the sun and planets 
may have potentials differing immensely from that of the 
earth, it might be expected that the distribution of electric 
charge on the earth’s surface, and consequently the magnetic 
intensity, would have variations like those of the tides, in 
fact such variations as are known to exist; also, that it 
would be anticipated that any sudden formation of vapor 
on the earth's surface, or alteration of the sun’s atmosphere, 
or anything causing change in the lines of static electric 
induction from the sun to the earth, ought to cause disturb. 
ances such as we know as magnetic storms. The alignments 
of planets with the sun and earth, again, or the proximity of 
planets to the sun having less than the average difference ot 
electric potential from it, ought to diminish the disturbances 
in the solar envelope and produce the alteration of sun spots 
and terrestrial magnetism which is known to accompany 
such planetary motions. And, lastly, the authors point out 
that the known lagging of changes in terrestrial magnetism 


| behind variations in the sun spots would be explained if the 





the earth’s magnetism it has been usual to start with the} 


known law of distribution of magnetic intensity, and then 
deduce what arrangement of magnets, etc., inside the earth 
would lead to this distribution; but in this new theory of 
Profs. Perry and Ayrton they start merely with an experi- 
ment described by Prof. Helmholtz, of the effects of a rotat 
ing electrified body, and show from this that the earth by 
its rotation alone must be magnetic, and next prove that if 


| 


there be an iron shell, thick or thin, in the earth, then the | 


distribution of magnetic intensity on the earth’s surface will 
be the same as is known to exist from observation. 

Next as regards the sign of the electric charge on the 
earth's surface required to produce the earth’s magnetic po- 
larity. Is it in accordance with the known phenomena of 
atmospheric electricity? To produce the earth’s magnetism 
we must have, in accordance with the known laws of elec- 
tro-magnetism, a negative current flowing from west to east, 
or in the direction of rotation of theearth. In the language 
of the new theory, therefore, the surface of the earth must 


| 








great pressure to which the iron in the earth’s interior is 
subjected produces, as is very probable, considerable coerci- 
tive force, for such coercitive force would necessarily cause 
changes in the magnetic intensity to lag behind the disturb. 
ances in the earth's electric charge produced by alterations 
in the static induction of the sun and planets. 


SEBERT’S PROJECTILE VELOCIMETER. 


THE instrument illustrated by the accompanying engrav- 
ings has been constructed by Mr. Sebert, and serves to mea- 
sure the velocity of projectiles thrown by firearms, as well 
as the pressure exerted on the bottom of the same and the 
distance traversed during the recoil or ‘* kick.” 

Various instruments have been devised already for this 
purpose, but all of them lacked that degree of precision and 
rapidity of operation necessary for obtaining reliable results. 
The apparatus of Mr. Sebert is quite novel in its construc 
tion, with the exception of the automatic electric registers; 
which are identical with those used heretofore for similar 
purposes by Mr. Marcel Deprez. 

In Fig. 1 of the accompanying engravings, A is a wooden 
support inserted in the ground, carrying a cross-piece, B, on 
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PROJECTILE VELOCIMETER 


which is firmly fastened the instrument proper, of which 
Fig. 2 isa front elevation and Fig. 3aplan view. The up 
rights forming part of the support, A, are provided at the 
top with sockets, receiving the wires connecting the instru 


ment with a battery, and held in position by screws. The 
instrument proper consists of a plate, C (Figs. 2 and 35), on 
which are fastened two guide rails, B B, between which 


slides freely an elastic steel band, A. This is attached by 
means of a clamp, d, to a stout wire connected at its other 
extremity by another clamp, @, with the cannon. The 
steel band is covered on its upper surface with a thin coat 
of lampblack, inio which the results of the experiment are 
recorded. Directly above the band is placed a diapason, or 
vibrating fork, E, kept in constant regular motion by an 
electric current, interrupted regularly in extremely short In- 
tervals. One of the teeth of the fork carries a very fine 
pencil, recording the oscillations of the fork on the black 
ened surface of the band. As long as the latter is not 
moved, the vibrations of the fork will only produce a fine 
transverse line, but as soon as it is drawn along by the mo- 
tion of the cannon or some other force, the point of the pen- 
cil will. describe an undulated line, the length of the undu- 
lations of which corresponds to the distance trav ersed by the 
cannon during the respective oscillations of the fork The 


| undulations of the line are naturally very small, and in ob- 


serving them a micrometer is employed. 
The duration of the passage of the projectile through the 
barrel, as well as the velocity of the projectile at different 


i be negatively charged, but Sir William Thomson bas proved, | moments after leaving the mouth of the cannon, may be de- 
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termined by means of interrupters placed at the mouth of 
the gun and at the respective distances from the same, ac- 
tuated by the projectile when passing, and connected by 
wires With a corresponding number of automatic Deprez re- 
These are composed of small electro-magnets, 
3 of which end in fine points, which, as soon as 
the current is interrupted, produce a mark on the surface of 
the steel! band, the position of which indicates the time con- 
sumed up to the moment of Interruption. f 

~ Notwithstanding the accuracy and promptness of action 
characterizing these electric registers, a certain loss of time 
arises, nevertheless, from the resistance offered to the cur-|1 
rent and the friction encountered by the movable parts; on 

account of the minuteness of the periods: in question, even | ¢ 
the smallest incorrecthess must be taken into consideration, \« 


gisters, G. 
the armature 





dry rail if the engine should be chained fast, so that it could 
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USE OF COMPRESSED AIR MOTORS FOR STREET | 
CARS. 


WHAT GRADES CAN THE PNEUMATIC MOTOR OVERCOME, -_ 
WHAT LOAD CAN IT CARRY? 


These are pertinent questions, and can be readily answered. 
Ordinary locomotives are so proportioned in their boiler 
and cylinder capacity as to be able to slip their wheels on a 


10t advance upon the track. q 

In that case the adhesion which is, at a maximum, about 
me-fifth of the weight upon the drivers, measures the power 
of the engine and not the pressure in the cylinders. 


The t 








Tt. 


ind for the purpose of determining the error, an attachment | 
is provided, constructed as follows: 

lo the plate, C, is fastened, by means of screws, a rectan- 
cular case, K’, into which is inserted a movable steel bar, K, 
held in position by a serew, R. Into the bar, K is, at N, in 
serted an isolating ivory tablet. On the bar slides a cross- 
piece, M, connected with the clamp, d, by means of which 
the steel band, A, is fastened to the wire, D. To the cross 
piece, M, a curved spring, m’, is attached, the extremity of 
which rests on the bar, K. This mechanism is made to form 
»art of the circuit by means of wires attached by screws at 
lv’ and m respectively. The point of the spring, m”, being 
placed precisely at the edge of the ivory tablet, the current 
s interrupted, and the points of the registers, G, record a 
mirk on the surface of the band, A. When afterwards the 
xperiment is actually made, the length of the mark made 
while the point of the spring, m’, passes over the ivory 
tablet, does not correspond with the length of the latter, and 
the difference indicates the time lost by the transmission of 
the current and the friction. i 

The tongue, E, makes 2,000 vibrations per second, and 
ean indicate as many as fifty interruptions of the current 
during that time. 

Experiments made with a cannon of 9°36" bore gave the 
following results, three Deprez registers being used: 

Duration of the passage of the projectile from the bottom 
to the mouth of the gun, 0°01124 second; time consumed in 
reaching an interrupter placed at a distance of 108°24’, 
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As the power on the crank with the 8 ton motor is 1,879 
pounds, it would be sufficient to move four such cars, or 32 
tons, on a straight and level road, not allowing for friction of 
machinery and losses in transmission of power from the 
crank, if, as has been stated, the traction does not exceed 25 
pounds per ton, upon which this estimate is based. It is 
found that when dry air is used and the machinery is cold, 
the pressure of the air by gauge indications being 20 Ibs., it 
required the full head to propel the car, while, where warm 
air was used, the car moved when the gauge indicated con- 
siderably less pressure. 


Twenty pounds pressure is 14 atmospheres. The average 


mean working pressure is3°776 atmospheres. Twenty pounds 
produces 625 pounds crank pressure, or 300 at rail, and if 


his amount was required to overcome friction and move 














PROJECTILE 


power varies, and is greatly reduced in bad conditions of the 


| track. 


Puwer of Motor Cylinders.—Assumed that the air is used 
under 16 atmospheres, cut off at one-sixteenth and expanded 


| to filla cylinder at atmospheric tension, giving mean press 


ure 0236. The initial pressure being 16 atmospheres, the 
mean pressure is 16x 236 =3°'776 atmospheres, and 3°776x15 
56°64 pounds per square inch. The diameter being 64% inches, 
the area is 33°18 and the piston pressure 33°18 x 56°64—1,879 
pounds. If the air should be cut off at ', instead of ,’y, the 
mean pressure would be 6°158, and the crank pressure 4,064. 
There are 2 cylinders, cranks at right angles, one at full | 
stroke when the other is on its center. The weight of the | 
car loaded is 8 tons. There are four wheels connected. 
Weight on drivers 16,000, adhesion one-fifth=3,200 pounds. | 
The radius of the wheel is 14 inches, and of the crank 63 
inches, then 3,200x 14+6°5—6,880 pounds to be exerted on the 
crank, not allowing for friction of machinery, if it be re- 
quired to slip the wheels on a dry rail. Or, stated in other 


| terms, the power of 1,879 pounds at the crank is equivalent 


to 871 at the rail, and 3,064 at crank to 1,422 at rail. 

The power of the motor cylinders with ordinary consump- 
tion of air is therefore insufficient to slip the wheels on a dry 
rail, but with street motors so large an amount of cylinder | 
power as would be required for that purpose is unnecessary; | 
owing to the frequent bad condition of the track, a large | 
surplus of adhesion is required. The cylinder power can be 
increased fourfold by admitting a full cylinder of air, but 
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the motor, it would be equivalent to 3714 pounds per ton in- 
stead of 25 pounds, and absorb 50 per cent, more power than 
has been allowed; but it is stated that there was a back press- 
ure at the time of several pounds per square inch, in conse- 
quence of the small size of the exhaust ports, which would 
cover a considerable part of this difference. It is possible, 
therefore, that, with the air heated, the iraction may not 
exceed 25 pounds per ton, but it would be well to test 
both the traction of the motors and of ordinary cars by a 
dynamometer, 


GRADES 


It has been shown that if air is admitted into the work 
ing cylinder at a pressure of 16atmospheres, cut off at one- 
sixteenth of the stroke and expanded to atmospheric tension, 
the mean pressure on the crank would be 1,879 pounds, and 
the equivalent to overcome resistence at the rail 871 pounds, 
capable of moving on a straight and level road, if all could 
be utilized, 4 cars of 8 tons with traction of 25 pounds per 
ton, and certainly 2 cars. 

Also if the air should be cut off at 4 the mean crank 
pressure would be 3,64 pounds and the equivalent at the 
rail 1,422 pounds, capable of moving 4 such cars upon a 
level. As the angle of friction with traction of 25 pounds 
per ton is 66 feet to the mile, the 8 ton motor should be 
able to haul twice its own weight on a grade of 66 feet 
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007305 second; time consumed in reaching an interrupter 
placed at a distance of 272°24, 0°1127 second. 


From these numbers the velocity of the projectile, when | 


at a distance of 52°48 and at 252-72’, may be calculated, and 
Will be found to be 1469 94 and 1453-696’ per second respec 
tively 
rhe area of the bottom of the cannon, the weight of the 
ojectile and gun, and the distance traversed by the latter 
ug known, the pressure exerted by the charge may be 
sily calculated. 
he experiments so far made show that after the projec- 
tile has left the gun, the backward motion of the latter in 
creases yet in velocity, owing to the expansion of the gases 
yet remaining in the barrel. 
he same instrument may also be used for determining 
the velocity of the pistons of steam, gas, and atmospheric 
engines, of drop-hammers, etc., only slight alterations being 
necessary.— Bulletin de la Societe d’ Encouragement. 
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this would be objectionable, as causing waste of air and noise 
from exhaust 
With a small motor of 6 tons the adhesion would be re- 
duced to 2,400 pounds, and the crank pressure required to 
slip the wheels to 5,160 pounds. The adhesion in ordinary 
| conditions of the rail is, therefore, as it should be, in excess 
| of the cylinder power, and the wheels can slip only in con- 
|sequence of ice and snow. It remains to determine the 
| power for propulsion on a straight and level track and the 
power required on grades. 
he traction of ordinary railroad trains is 9°2 pounds per 
| ton on a straight and level road, based on the regular busi- 
ness of the Pennsylvania Railroad, but with a street motor 
it is said to require about 25 pounds per ton; 8 tons require 
| 200 pounds, and this resistance, acting on a lever of 14 inches 
from the axle, while the propelling power acts with 64, 
inches, will increase the power.on the crank to 200 x 14+6°5= 
430 pounds. 


PROJECTILE VELOCIMETER 


or 2 cars, on a grade of 132 feet 1 car, but 2 cars couk 


be hauled by increasing the amount of air and cutting of 
say one sixth instead of one-eighth. 


The 8 ton motor without extra cars attached should be 
able to overcome the steepest grades usually found on horse 
railroads. The steepest grade on the Second Avenue Rail- 
road is said to be 230 feet to the mile, or one in twenty- 
three. The power with a full cylinder of air would be 
about 8 times the average power expended in working, and 
consequently the reserve is large enough to overcome great 
resistances of limited duration. 


SMALL MOTORS OF FIVE TONS WITH CARS ATTACHED. 


It would be a most serious disadvantage if the general 
introduction of pneumatic motors should require the aban 
donment of the old plant. Fortunately such abandonment 
is not only unnecessary, but the best possible system for 


2814 








the economical operation of a line and for the accommoda- 
tion of the public consists in the use of small cars and 
coupling two or three in a train under one conductor, at hours 
when the travel requires it. 

Suburban residents desire frequently to make social visits 
or to attend lectures or places of amusement in the neighbor- 
ing cities, and can testify to the discomfort, not to say danger, 
of riding home late at night with one foot on the plaiform 
and the other in space. 

The ordinary horse car, loaded, weighs about five tons; the 
motor would weigh about the same, or with six tons would 
admit a large increase of cylinder capacity; there would 
then be no pretext for objection on the ground of injury 
to track, It could run with one car in the middle of the 
day, and morning and evening with two or three under 
one conductor. It could make the trip in half the time, 
certainly in two-thirds, of the horse-car, and take the place 
of 15 horses, the sale of which would pay for the motor, so 
that there would be no expenditure whatever for street 
motors, and nothing except for engines and compressors 
at the station, 

The small motors weighing six tons would have the same 
cylinder power as the eight ton motors previously described, 
which gives 871 or 1,422 pounds at the rail, as the air is cut 
off at ,', or 4 of the stroke. The adbesion with dry rail is 
2,500 pounds, and the traction of the motor at 25 pounds per 
ton 6 x 25=150 pounds. 

If these small motors should be used to haul ordinary 
horse cars it becomes necessary, in estimating the perform- 
ance of the motor, to know the traction of such cars. For 
obvious reasons this traction must be less per ton than that 
of the motor and yet more than that of ordinary railroad 
cars, which is nine pounds per ton. Probably 15 pounds 
per ton would be a full allowance for the traction of ordin 
ary horse railroad cars, and a train of one 6 ton motor and 
two ordinary cars of 5 tons, each loaded, would make the 
weight of the train 16 tons and the traction 300 pounds, an 
average for the train of 18°8 pounds per torn. And 188 
pounds per ton traction would give the angle of friction at 
which the train would descend by gravity=444¢ feet to the 
mile. 

The train of one small motor and two cars could ascend 
grades of 178 feet to the mile, and with one car grades of 
240 feet to the mile, and steeper grades could be overcome 
by using more air.* 

The separate motor, not intended to carry passengers, ex 
cept perhaps on top, would permit an increase of reservoir 
capacity from 160 to 225 cubic feet ; and if reservoirs be 
placed also under the seats of each car the capacity of a two 
car train with motor would be extended to 325 cubic feet or 
doubled, and the run to 12 miles. If in addition, in specu- 
lating upon the possibilities of the future, the reservoir press 
ure should be increased to 500 pounds, instead of 350, the 
run would be extended 43 per cent. or 17 miles, and with 
one car attached to motor instead of two, still further. For 
working elevated railroads as a substitute for steam, the 
pneumatic motor is the perfection of a propelling power. 
The motor itself could be filled with air reservoirs, giving, 
with the addition of reservoirs under the seats of the cars, un- 
limited capacity, and there is no run within suburban limits 
that would be beyond the power of the motor, with a single 
station in the middle of the road to enforce the pressure. 
The cost of fuel would be reduced fully 66 per cent., and 
noise, dust, steam, and sparks from motor avoided. 

If a motor should run off the track, it has power to run 
itself on the street pavements and can readily be replaced by 
the aid of crow-bars. If the machinery should become de 
tanged, another motor could push it, and by a simple hose 
attachment the air in the disabled engine could work the 
machinery of the helper. 


THEORETICAL TEST OF COMPRESSORS, 

It is claimed that 50 horse power for 100 horse power of 
compressors can be actually utilized from the air when com 
pressed. This will be tested 

There are two steam cylinders at the Second Avenue com- 
pressor, each 12 inches diameter and 3 feet stroke. The first 
compresses air to one-fifth or 5 atmospheres, and the second 
cylinder to one-fifth again, or to 25 atmospheres, and the 
second cylinder is one-fourth the area of the first 

In compressing to one-fifth, the mean pressure is 522 of 
initial, and the resistance in first compressor is 5x 522 
2°61 atmospheres throughout the stroke. The resistance 
in the second compressor is 25x 522=13.05, and as 
the area is } of the first compressor the comparative 
work is 1305+4=—3°26 atmospheres, and 3°26+42°61-+-2- 
average pressure in both=2°94 atmospheres. The steam 
pressure 80 pounds=5°33 atmospheres must be cut off at 
about § of the stroke to balance resistance of compressors, 
omitting friction for the present. 

The air is compressed at each stroke to 25 atmospheres in 
a six inch cylinder, if pumping into a tank under that press- 
ure, 
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l the heat liberated has been 534 de , but in reducing the | 
volume again to one-half, the additional heat evolved would 
| be only 116°. In em me | air from 25 to 50 atmospheres 
the mean pressure would be 42 atmospheres, and if the stroke 
| should be 3 feet the work done in compression would be re- 
| presented by 3x42=—126. Omitting friction and thermal con- | 
siderations, if this air were compressed by the direct action 
of steam upon a piston, the pressure being say 5 atmospheres, 
the area of the at son must be ten times the area of the piston 
of the compressors, and a full cylinder of steam would be re 
quired to overcome the maximum resistance of the air under 
50 atmospheres, and the work would be 50x3—150 in the 
steam cylinder to secure an amount of work represented by 
126 in the compressor, and which wouid also represent the 
amount of work done in the subsequent expansion. But with 
a double acting compressor and fly wheel the power required 
would not greatly exceed the mean pressure during the 
stroke, and the loss would be but little more than that which 
was due to fricton, and therefore the percentage of useful 
effect would be greater at high than at low pressures, pro- 
vided it could be as fully utilizedin expanding. If expanded 
without work to the tension required for the ordinary cylin- 
der pressure there would be a great loss of power, and the 
only benefit that would then result from the increased press- 
ure would be reduced reservoir capacity for a given run, or 
an increased run with a given capacity. 
CAPACITY OF COMPRESSORS AT SECOND AVENUE STATION. 


The compressor at Second Avenue station is rated at 100 
horse power. It develops 66 horse power at mean pressure 
of steam and 73 strokes per minute. The smaller cylinder is 
6x36. Its cubic contents, six tenths cubic foot, and its aver- 
age of 73 strokes will deliver 44 cubic feet per minute at 5, 
and about 9 at 25 atmospheres. 

A car containing 160 cubic feet, one-third full, will require 
106 cubic feet at 25 atmospheres; but as the engine will 
pump against 8 atmospheres at the commencement instead 
of 25, the car reservoirs will fill more rapidly at first and the 
average time should be 7 minutes, or allowing fer attaching 
and detaching, 9 minutes, which is said to have been the 
exact time required. 

To charge one car per minute would require a plant of 
500 horse power, which can be furnished ata cost of $20,000; 
but if trains of three cars are run at intervals of three 
minutes a smaller sum will suffice for engines, compressors, 
and boilers. 

Considering the fact that trains on elevated railroads stop 
only at stations comparatively far apart, while surface roads 
may stop at every crossing, the average passenger will be 
much better accommodated with the pneumatic motor on 
surface roads than with the elevated railroads, and the dif- 
ference in time will be trifling. 

Where these motors are introduced elevated railroads will 
never be constructed. The wants of the public for rapid, 
cheap, and convenient transit will be met in the best manner 
possible by the surface roads now existing. 


TO REMOVE ICE AND SNOW FROM THE TRACK ON STEEP 
GRADES, 


The only real objection to street motors, and this applies 
equally to those propelled by steam and air, is that on very 
steep grades covered with ice and snow, the adhesion may 
be so much reduced that the motor cannot be operated. 

A remedy suggests itself. A car may be placed in front of 
the motor containing cylinders with water under 80 pounds 
pressure, or 380° of temperature, to be used in melting and 
running off the ice and snow. 

The heat required to melt ice or snow will raise an equal 
weight of water from 32° to 140°=108°. 108 heat units are 
therefore required to melt one pound of ice. Tanks con- 

| taining 160 cubic feet of water at a temperature of 328° will 
hold 328x625 x 160—3,280,000 heat units, capable of melting 
3,280,000-+ 108—30,000 pounds of ice. 

Suppose the snow and ice were of such depths as to be 
equivalent when melted to one inch of water, 8 feet wide. 
One lineal foot would contain 42 pounds, and 30,000 pounds 
would require 700 feet of track, which is the distance cleared 
by water of one car. 

The cost of coal for these 700 feet of track at 8,000 heat | 
units per pound of coal at $4 per ton would be 410 pounds | 
coal at $4 per ton=81 cents. This would probably be the | 
cheapest possible way of melting down and removing ice 
and snow from tracks. There should be drains of tile or | 
metal under the tracks on steep grades with frequent grated 
openings to allow the water to run off into the sewers and 
eseape before again congealing. 

I have assumed tbat the whole track, 8 feet wide, is to be 
cleared, but this is unnecessary for the purpose of securing 
adhesion; one foot wide at the rails might be sufficient. 

It might be preferred to construct cars specially provided 
with tanks for this purpose. This is immaterial, but the weight 
must not exceed the power of the motor on steep grades, un- 
less, which is very probable, it may be deemed expedient to | 


An expenditure of 3 feet steam in one cylinder at 2°61, and | 


3 feet steam in second cylinder at 3.26 atmospheres, is equiv- 
lent to 

8x2°61=7'83 

3X 3°26=—9'78=17°61 atmospheres, 1 foot. 

The air in the first cylinder was compressed into one-fifth, 
and in the second into one-fifth more of an area=}. So the 
result will stand— 

8 ft.x}—j and 3x}=—ys, 
and y's with ? area = yx} 25 

2°25 atmospheres, one foot as a basis of computation, 

Cut off at ,'; the mean pressure is 169, and expanded to 
atmospheric tension, the work done by the air under tension 
of 25 atmospheres is 2}x*169x25=—9'5, 
work in compressing it, which is 17°61, or “5 
the power expended, omitting friction. 


per cent. of 


It does not seem possible, therefore, with the plans now 


used, to get quite as much as 50 per cent. from the com- 
pressed air when friction is considered and when the air is 
pumped into a tank, as this calculation supposes, against a 
resisting pressure of 25 atmospheres; but if the air should be 
pumped into the car reservoirs directly where the pressure at 
the commencement would be comparatively low, and the 
percentage of useful effect greater, it can readily be con- 
ceived that the claim of fifty per cent. duty may be fully 
sustained, particularly as the pistons move with great ease 
and the air compressors are self-lubricating. 


EFFECT OF INCREASING COMPRESSION TO 
SPHERES. 


In compressing air from one to twenty-five atmospheres 


FIFTY ATMO- 





* Since the above was written durther experiments have shown that the | hauled by horses to clear tracks in advance, an arrangement | figure), which may be placed on either the locomotive. 


increased consumption of air by attaching horse cars to the motor is about 
the amount that could be supplied by reservoirs under the reata, and con- 
sequently that the distance run need not be diminished by attaching addi- 
tional cars if so provided. 


rig at 25 atmospheres, +325) 


as compared to the | 
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this pressure, when the temperature falls to 212°, a re 
of compressed air should be provided to be turned on when 
and as required. 

Practically all the heat units could not be utilized, bat 
might be possible with 160 cubic feet of water to clear 499 
or feet of track at a cost for fuel of 16 to 20 cents per 
100 feet. 

Possibly it may be found advantageous to combine the 
hot water with the shovel or snow plow, to shovel off the 
bulk of snow and melt the ice which adheres to the rails and 
destroys adhesion. A car of water in this way would clear 
a very considerable length of track. In extreme cold 
weather a thin film of ice may form on the rail. For this | 
see no remedy better than the ordinary sand-box of the loeo. 
motive. 

These are crude suggestions, given for what they may be 
worth, but I have endeavored to anticipate and meet eve 
possible objection to the motor. I can see none except the 
want of adhesion in winter on steep grades, which applies jn 
common to all other motors, and even to horse-cars, prevent. 
ing the proper action of the brakes; but, if every other plan 
fails there is one resource that never can fail, the shovel 
and this must be used even with horse power, and very fre. 
qnently in severe winters. ‘The extraordinary saving jp 
cost of motive power will greatly overbalance any difference 
in disadvantage caused by the winter obstructions of ice and 
snow. 

The officers of the company have submitted what I regard 
as an exceedingly modest estimate of the cost of power, as 
compared with horses, in which it is stated as 2 to 1 in favor 
of compressed air. If, as has been claimed elsewhere, ordj- 
nary steam motors save one-half the cost of power over 
horses, and if my figures are reliable, showing in consump 
tion of coal more than 3 to 1 in favor of compressed air ag 
compared with ordinary steam motors, then it would follow 
that the cost for power alone would be 6 to 1 in favor of air 
as compared with horses. 

Do not misunderstand me: I refer to power alone; general, 
office, and other expenses are unaffected ; but power is by far 
the most serious. The estimate was, moreover, made on dry 
air before the heater had been added, which so largely in- 
creases the percentage saved. 

A few minor points in favor of the motor will be stated, 
Skilled engineers are not required to run them; a man of 
ordinary intelligence can learn to run these motors in a single 
trip. What is a most remarkable and beautiful feature of 
the contrivance is that a driver, however ignorant or care- 
less he may be, cannot faii to use exactly the proper amount 
of air for the resistance to be overcome, and cannot waste it. 
If he admits too little, the car slackens speed or stops; if too 
much, he must shut off the brake. Allis done by the move- 
ment of a lever, back or forward; no other brake is needed, 
and the motion of the car is a perfect governor. 

This arrangement, amongst the many beautiful mechanical 
devices of the motor, impressed me as one of the most re- 
markable. I was apprehensive at first that very skillful driv- 
ers would be required to prevent a wasteful expenditure of 
air. I now perceive that a careless driver could not waste 
it if he would, unless by risking his neck by running at high 
speed down steep inclines. Another advantage of the motors 
is that the view of the track is unobstructed and can be seen 
from the platform on which the driver sits, while horses ob- 
struct the view of the track for 30 feet. 

On a level track the car can be stopped within its length 
when running at a speed of 12 miles per hour, and on grades 
in a time longer or shorter in proportion. The brake can 
never be out of order so long as the car has the ability to 
move at all. 
by moving a lever. 

If the lever should get out of order, which is scarcely 
within the bounds of possibility, the car could not move at 
all, therefore the brake cannot fail. I noticed also in run- 
ning along the Second Avenue Railroad on the motor that 
horses on the opposite track meeting the motor would some- 
times shy, but other horses not on the track did not notice 
it. The car horses would, no doubt, soon become accustomed 
to the motor, but as its general use would soon supersede 
horses altogether, the fact is of little consequence. 


(To be continued.) 


COLLADON’S SYSTEM OF COMPRESSED AIR 
BRAKES. 


M. D. CoLiapon communicates to the Rerue Industrielle 


| the accompanying illustration and description, drawn from 


his patent specification, to show that at least four-fifths of 
the Westinghouse air-brake are embraced in his (Colladon’s) 
patent taken out in 1855. M. Colladon further states that 
he never pushed his invention, owing to his having been ap- 
pointed engineer in chief in the construction of the large gas 
works at Naples, and also from the fact that many weightier 
matters have occupied his mind. 
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COLLADON’S SYSTEM OF 


' construct a machine specially adapted to this purpose and 


the utility of which is well worthy the consideration of all 
horse railway companies. The hot water should be dis- 
charged under pressure in the form of spray, and to furnish 


' 


COMPRESSED AIR BRAKE. 


His system consists in the use of a special reservoir, B e 
tender, or a car, and which is to contain a supply of air oF 

under a certain pressure that may be equal, superior, OF 
fnferior to the tension of steam in the boiler, The com 





The brake consists in a full or partial reversion 
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i air or gas in the reservoir is kept at its normal degree | out refilling. The steam used for heating is generated in 
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of tension by means of a small force pump actuated either | high pressure tubular boilers at certain stations, and is intro- 


by the locomotive, the wheels of the train, or by hand; or 
the reservoirs may be supplied from secondary reservoirs kept 
at the different stations. — ; 

This reservoir, B, is furnished with a manometer, and an 
outlet tube closed by a cock or valve that the inventor calls | 
4 “stoppage valve.” This valve is connected with a lever, a | 
key, or a rod that may be easily worked by hand when it is| 
desired to tighter the shoe-brakes to lock the wheels. To 
effect the tightening of the brakes by means of the com- 

ssed gas, each car is provided with a cylinder, C, con- | 
taining a piston. The rod of the latter serves to press of| 
draw the levers which move the shoes, and acts upon them 
like rigid bars, and not like vises as in the ordinary systems. 
Besides the cylinder, each car is furnished with a tube, ¢, ¢, ¢, 
open throughout its whole length, and its two extremities 
ending, one at each end of the car. This tube, which is about 
one inch in diameter, is made of metal or some impermeable | 
material, and is flexible and tough enough to resist the press- | 
ure of the compressed gas. he two extremities of this 
tube are provided with hinge joints, elbow movements, or | 
pieces connected by flexible tubes; they are each furnished | 
with a cock or valve, and the ends are so adjusted that they | 
may be quickly united by a screw or bayonnette joint, with | 
the tubes of the other cars when the trains are made up. 

From this disposition of the parts it will be readily per- | 
ceived that when the brakeman opens the stoppage-valve. 8, 
the compressed gas will rush forward through the whole 
line of tubes, and penetrate simultaneously all the cylinders, 
without condensing in them as steam would, and that its 
action on all the cylinders is in a measure instantaneous. The 
stoppage-valve may be furnished with a regulating appar- 
atus to limit its degree of opening, when the engineman de- 
sires to fix beforehand the minimum time in which the com- 
plete checking of the train isto be effected. The outlet 
tube of the reservoir is furnished at a certain point beyond 
the stoppage-valve, with a blow-off cock, 8’, which loosens 
the brakes by letting the compressed air escape from the | 
cylinders. 





FRENCH SYSTEM OF CAR HEATING BY PORT. | 
ABLE HOT-WATER HEATERS. 


Ly consequence of an order issued a few years ago, by the 
Minister of Public Works, the railroad companies of France 
found themselves unexpectedly obliged to apply some sys- 
tem of heating to all their passenger coaches, without dis- 
The Orleans Railway had been using, 


tinction as to class. 
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FRENCH SYSTEM OF 


for its first-class coaches, a system of heating by means of a | 
Small portable apparatus, filled with steam-heated water, 
and all the other companies, except that of the East, had 
adopted the same method. In consequence of the edict 
above mentioned, the companies began experiments to find 
Some means of hastening their method of heating, which, 
When applied to all of the coaches, seriously retarded the 
trains owing to the time consumed in changing the heaters 
at the station. Both systems have now been so perfected that 
the change of the apparatus is accomplished quickly, with- 
den confusion, and in perfect order—something that was not 
Geemed possible when the question of a general heating by 
4 portable apparatus was first discussed. 5 
h The System employed on the Orleans Railway consists in 
ror agg by means of steam jets, the chilled water of a cer- 
“in number of sych metallic boxes simultaneouly with- 





duced into the portable heaters by means of a special ap 
paratus. The system in use on the railway of the East ap- 
pears to be more expeditious, and possesses such novel fea- 
tures as to make it worthy of a more extended description, 
and it is as follows: 

At the proper stations, wells are constructed of a depth of 
about 14 feet. A steam boiler which communicates with the 
bottom of the well maintains the water of the latter at a 


temperature of 100 degrees. This boiler also supplies steam | 


toa small engine of 2 horse power, which puts in motion 
the drums of a ‘‘noria” situated at the north of the well. 
The foot warmers belonging to the coaches are placed each 
one on the two rests of the chain of the ‘‘ noria,”” and the 
movement given to the latter by its drums is calculated so 


that the foot warmer is delivered at the side opposite to that | 


at which it was introduced after an immersion of five min- 
utes in the hot water. In fact, experience has demonstrated 
that a metallic box, of the capacity of the one represented 
in the accompanying cut, requires this length of time to 
reach 90 degrees in a bath which is kept at 100 degrees. The 
foot warmers are closed tightly, after once filling, with a 
screw cap provided with a rubber washer; the water lasts 
the entire season, and it is rarely that it has to be renewed. 
The heating of coaches by this method was begun in the 
winter of 1877, and the number of heaters put into service 


\ was more than eleven thousand. From the 8th of March to 


the 15th of May, 1877, the number of these heaters used on 


the railways of the East was 1,060,000. The time taken in| 


changing the heaters of an ordinary train is 12 minutes. 
The following description of the a®@ompanying figures will 
give an idea of the working of their system. 


Description OF Figs. 1, 2, 3, 4, 5, 6, AnD 7. 


Fig. 1. Vertical section of a hot water well for heating 
portable boilers filled with water, and profile view of the 
noria. 


Fig. 2. Another vertical section showing front view of 


the noria. 


Fig. 3. Transverse section of well and noria 

A. Motor pulleys, put in motion by a small steam engine 
which also actuates the noria by means of a pinion and cog- 
wheel. 

B. Upper drum of the noria turning in the direction of 
the arrows. 

C. The portable heaters or foot warmers, placed on the 
rests of the two chains of the noria. 


| Fig. 


large arrows indicate the direction in which the chain 
moves. 

I. Side at which the cold boxes are charged. This objec- 
tion is performed by hand. 

J. Groove at the charging side, obliging all of the rests on 
the chain to take the position shown in the figure. The 
heater is presented by hand in the inclined direction shown 
by the dotted figure K, then inserted in the rests, which 
- ~~ aieee carry it downward by the movement of the 
chain. 

L. Side at which the heaters are discharged automatically. 

M. Groove which tilts the heaters as scon as they appear 
| above the table. 

N. N. Flexible brushes between which every heater pass- 
es, thus ridding itself of moisture before being deposited 
on the table. 

Fig. 5. General plan of the building at the Paris station. 

O. Generator. 

P. Water supply for the generator, O. 

Q. Overflow pipe of the tank, P. 

R. Feed pipe for the pump. 

8. Hot water well. 

T. Pipe leading steam from the generator, O, to the well, 


8. 
V. Overflow pipe of the well, 8. 
lL V. Three wheeled cars carrying the coal boxes to the 
well. 
| W. W. Three-wheeled cars carrying the heated boxes from 
the well to the train. 
X. Platform of the station. 
Y. Tracks of the railway. 
Fig. 6. Longitudinal hal? section and elevation of a port- 
able heater. 
| Fig. 7. The same seen in a plane perpendicular to that of 
ig. 6. 


NEW TWIN CYLINDER STEAM ENGINE. 


THE engine which we illustrate was designed by Mr. Jo- 
seph Bernays, of London, on a novel and peculiar principle, 
its construction being as follows: There are two upright 
cylinders, made in the present instance of unequal diameters 
for working steam on the high and low pressure compound 
principle, but this is not essential, and the cylinders may be 
of equal diameters, each using fresh steam. The cylinders 
mal a short distance apart, and the crank shaft is p in 
the center line between them, and may be situated either 
above, below, or actually between the cylinders. The two 
piston rods are connected by links to the outer ends of a 
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CAR WARMING BY PORTABLE HOT-WATER HEATERS. 


D. Side at which the chilled boilers are attached to the | 
chains. 

E. Side at which the boilers come up heated after an im- 
mersion of five minutes in the well. 

F. Table for receiving the heaters as they come up out of | 
the well. Here they are deposited automatically by a move- 
ment which will be explained further on. 

G. Tube for conducting the steam into the well. This 
extends to the bottom, and allows the steam to escape 
through the middle of the water bya horizontal pipe pierced 
with holes. 

H. H. Screws placed near the lower drum for regulating 
the tension of the ehains. 

Fig. 4. Profile view, in elevation, of the grooves for 
charging and automatically discharging the 


| erank pin. 


The | likely to wear 


triangular connecting rod, the apex of which embraces the 
The base line of the triangle opposite to the 
apex is guided in its center to move up and down in regular 
cross-head guides, and can also swing around that center. 
As the c shaft rotates, it causes the connecting rod to 
rise and fall with the crank, and at the same time to oscil- 
late around the cross-head pin, which causes the pistons to 


| follow each other in a manner very similar to that produced 


by the ordinary arrangement of two cranks set at right an- 
p & to each other. The engine has therefore no dead cen- 
ter; it can be started and stopped in any position, and re- 
versed if fitted with suitable reversing gear. One of the 
advantages claimed by this arrangement is its age com- 
pactness without c ing or reducing any of details, 
combined with the use of upright cylinders which are not so 
ly as horizontal ones. The engine 
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—— 
shown in our drawing will take up only about from one 
third to one-fourth of the floor space rec uired for an ordi- 
pary pair of horizontal engines with cylinders of the same 
size, and the weight also is considerably reduced. 

It will be instructive to follow the motion of the crank 
around the circle. In the longitudinal section, page 2816, 
the piston of the low pressure cylinder is in its lowest posi- 
tion. That position is reached when the crank in the lower 
half of its course moves in line with that side of the triangular 
connecting rod to which the low pressure piston is hung. | 
The other piston is still a considerable distance up in the 
large cylinder on its downward course, and continues to 
turn the crank whilst the low pressure piston is at the dead 

yint. As the crank continues in the direction of the arrow 
it reaches its lowest position, taking the smaller piston down 
with it and the larger piston up. The two pistons are at 
that moment at an equal distance from the lower cylinder 
ends, but the one piston having the steam on its upper, and 
the other on its lower surface, both tend to turn the crank 
in the same direction. When the small piston has reached 
the bottom the larger one is well up in the cylinder, and 
thus helps the other over the dead point, both then continu- 
ing their way up at regulated speeds until the same action 
is repeated at the upper end. ch piston reaches the end 
of its stroke up or down as that side of the pom sigg, fens 
to which it is hung comes in line with the crank. ym 
this it will also be seen that the length of stroke of each pis- 
ton is greater than double the crank throw, which thus per- 
mits the use of a somewhat smaller crank forging for a cy- 
linder of a given stroke. 

It might be thought that the actions of the inclined parts 
of the connecting rod would throw a considerable strain on 
the cross-head guides. But such is not the case, inasmuch 
as the strains from both pistons oppose and partially coun 
teract each other, leaving the free pressure on the cross-head 
no greater than in other engines of the same proportion. 

Strange to say, the greatest free pressure on the cross 
head guides occurs not in the middle but at the ends of the 
stroke, as is shown in the diagram, which is roughly con 
structed from a pair of equal cylinders working without ex- 
pansion, in which these strains would be less favorable than 
in an engine working with expansion The straight line 
represents the path of the cros3-head, and the curve approxi 
mately the resultant of strains at any point at right angles | 
to ihe movement, and it will be seen that throughout the | 
largest part of the stroke the pressure is very moderate, and 
varies very little except near the turning points. But as the 
speed of the cross-head at those points is very small, the 
power lost through friction is quite unimportant, and the 
guides have a tendency to wear very evenly throughout | 
their whole length. 

The next point of interest in the construction of this en- 
gine is the valve motion. It will be remembered that when 
the crank is at its highest or lowest position, neither of the | 
pistons is at the end of the stroke, the one having already | 
past and the other not yet arrived at that place. All other | 
positions of the pistons in reference to the angular position 
of the crank are equally different from those experienced in | 
an engine of the ordinary construction, and it is therefore | 
impossible to employ the ordinary eccentric motion for the | 
proper distribution of the steam in both cylinders. It is 
necessary to employ a triangular connection between them 
and the eccentric, similar to that which is used for the pis- 
tons and the main crank. This has been accomplished very 
simply by providing the eccentric ring with two eyes, to 
which the levers which move the valves are hung. The 
distance between the two eyes, as also that from the eyes to 
the center of the eccentric, bears the same relation to the 
throw of the latter as the dimensions of the main connecting | 
rod bear to the throw of the crank. One eccentric only is | 
required for working both valves, and where separate expan 
sion valves are used a second eccentric works the expansion 
valves of both cylinders. In engines in which link-motion 
is used for reversing, two eccentrics only are employed in- 
stead of the ordinary four. 

When an engine of this description is to be applied to 
marine purposes in connection with a screw propeller, the 
crank shaft is placed low dowa between the cylinders, and 
as there is no room then for the crank to work in the space | 
left between the cylinders, it is made double, each half 
being fitted with its connecting rod. Such an engine has 
the center of gravity low down, it weighs little, as no heavy | 
frames or standards areprequired, it takes up little room in | 
the vessel, and all vulnerable parts are well below the water | 

| 


line. an important consideration with vessels belonging to 
the Royal Navy. 

The engine shown in our illustration is intended for a mill 
or factory; it has a high pressure cylinder of 30 in. diame- 
te: by 4 ft. 6 in. stroke, fitted with variable expansion 
valves, which can be altered whilst running. The low 
pressure cylinder is 45 jn. diameter by 4 ft. 6 in. stroke, 
fitted with a steam jacket. The air pump is worked by 
means of a lever from the cross-head pin. With steam at 50 
1). pressure expanded five times, and a speed of about for- 
ty-five revolutions per minute, the engine is designed to in- 
dicate about 500-horse power.— 7 he Engineer 


SHARPIE MODEL. 
By E. A. Van and F. W. Tortie, O. C., Oneida, N. Y. 


Tue Sharpie, both in model. and rig, is but little known 
beyond Fair Haven, Conn., and vicinity; but when once 
introduced is sure to become a general favorite, being very 
cheaply and easily built. Almost any one with a few tools | 
can build, at small expense, a really good sail boat or steam | 
yacht on this plan, giving much more room for machinery | 
and crew than the more costly ‘‘ Carver ” or *‘ Clinker ” built 
boats, of like dimensions, while for speed and seagoing 
qualities, Sharpies are excelled by none. For lake and riv- 
er sailing they will be particularly appreciated by the sports- 
man, as theirlight draught permits them to run on the “‘ sweat 
of a water pitcher” almost, enabling the boatman to follow | 
his game in the marshes and shallows where deep keels stick | 
fast in the mud. 

Fig. 1 is asail draught showing racing rig. Masts and sprits | 
are of spruce, well varnished; sails of Boyle’s yacht drill, | 
with two rows of reef points; brass grommets are inserted | 
in the edge next the mast for lashing sail to mast hoops; | 
these are best made of hickory, though galvanized iron or | 
brass may be used: also three large grommets are worked in | 
outer edge of sail to receive end of sprit; the lanyard for 
holding inner end of sprit should be fastened toa mast hoop 
so as to run down when sails are lowered. The sails may 
be lashed to the mast and furled by rolling up on the sprit; | 
this is cheaper and is generally done for small sails. Best 
manila rope, *, in. diameter, is used for bolt ropes, sheets, 
and halyards. The fore halyards are led aft under the deck, 
und made fast at foot of mainmast near main halyards, so as 
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to be in easy reach. Fore and main sheets are led from 
rings on port side to block on sprits, and then aft to cleat 
on starboard side of after deck. Main sheet is made fast 
and fore sheet held in the hand. 


by the foresheet, and the celerity with which she will come 
p Be is equaied by nothing but an ice boat. For heavy 
weather the mainmast can be unshipped and fore used in 
the middle step. A balanced rudder is used for Jarge boats, 
but a 12 or 14 ft. oar will be found much handier for quick 
work in shallow water, or to scull when the breeze fails. 

Fig. 2 is a plan of port deck with starboard deck re- 
moved. 

Fig. 3 is midships section on line 3, and shows section of 
centerboard trunk. 

Fig. 4 gives transverse sections at lines 1, 2, 3, etc. 

Fig. 5. Plan of deadwood in which 1" a. 

To build this boat, get out the deadwood of oak, 30 ins. 


long by 12 ins. square, according to drawings; then the sides | 
of 74 clear pine, 20 ft. long by 24 in. wide are first made, 3 | 


ins. hollowing in the middle for the top edge, and then made 
straight 24 ins. wide at the bow, and 7 in. at the stern on the 
lower edge. Build the stern, using bent wheel rims of the 
proper sweep, 145x1¢ ins., covering vertically with narrow 
pine, put on with galvanized nails. If a square stern is pre- 
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| drop through below. Afterthwart is of 2 in. plank ; a2 in. 
thwart, not shown, should form the upper bearing for fore- 
mast in first and second steps to relieve the deck of strain. 


The boat should be so bal- | A hatch gives access to forward deck for stowage or just 
anced on her centerboard as to be handled almost entire!y | enough ballast, should it be needed, to keep her nose 2 inches 


in the water. A locker under after-deck is best place for 
stores, as the boat is apt to be a little wet forward in a stiff 
| breeze. Seats may be fitted loosely for passengers or remov- 
| ed when desired. s 
| By leaving out the centerboard, the Sharpie makes a safe, 
fast, and commodious steam yacht. 
F. W. Turrtwe, O. C., Oneida, N. Y. 


= INOXIDATION OF IRON, AND THE COATING 
OF METALS AND OTHER SURFACES WITH PLA- 
TINUM, BY THE PROCESSES OF MONS. DODE. 


By L. M. Srorret, C.E.* 


Tue origin of the patented processes, about to be de- 
scribed, for the inoxidation of iron, the enameling of metals, 
and the platinum coating of metals, arose, incidentally, out 
| of the researches in which M. Dodé had long been engaged, 
| for the application of chloride of platinum to the silvering 
lof glass, in a form that should supersede the deleterious 


ferred, and being much easier built they are often used, get | mercurial processes in common use. 


it out of 144 in. oak, and cut it to place after sides are bent. 


Although the title of the present paper contains reference 


Fasten the sides very securely to deadwood with brass screws | to the platinizing of glass and other substances, it is intend- 
24¢ in. No. 10; cut boards to shapes given in Fig. 4, and place | ed, on this occasion, solely to confine the description of M. 
them in corresponding positions given in Fig. 2; bend sides! Dodé’s inventions to their application to metal surfaces. At 
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ELEVATION OF SHARPIE 


to them and secure stern in place with screws. Now level 
across with a straight edge the sides to receive the bottom. 
The centerboard trunk should be made of 2 in. pine plank, 
22 ins. wide and 7 ft. 6 ins. long, thinned on top edge to 1 
in. (see Fig. 3), with pieces 14¢x8 ins. bolted between at 
each end. These pieces are framed into the keelson 514¢x3 
ins., running from deadwood to aft the mainmast (see Fig. 
2). These should be put together, shaped to fit the bottom, 
the sides of trunk rabbeted to receive the bottom, 
and placed in position, then the lower ribbon of oak (a, Fig. 
3), 1'¢x3 ins., is serewed to inside edge of side, and bottom 
of % cedar or pine is well nailed on, using galvanized nails. 
Ribs of oak 1x1'¢ ins. are mortised into the lower ribbon and 
cut off even with the top; these are 15 ins. from centers. 
The deck, of % pine or cedar, should be rounded 4 ins. to 
shed water. The upper ribbon (¢, Pig. 3) is of oak, 1x3ins. ; 
this stiffens the sides very much, agd is generally painted | 
some bright color, red with a bead yellow on lower edge. 
A half round one inch square section @overs this joint, and | 
scupper holes are cut amidships for the water to run off. | 
The combing (, Fig. 3), of oak, 14x8 ins., is strengthened by 
a quarter round, and supported beneath on each side by | 
brackets or knees. 
Centerboard is made of Georgia pine, 244 or 3 ins. wide, | 
1 in. thick, and 7 feet long; it is doweled together with brass | 
rods and may be bound with iron. It is hung on a pin at | 
the lower edge forward, and raised by a rod jointed to fold | 
down on top of trunk. Should shove down three feet. For | 





rudder fillings use water pipe, 1 in. diameter, with collars ordinary galvanic process is actually to form a coating of 


screwed to fit water tight on deck and bottom. Rudder is 


unshipped by removing tiller and pin, and allowing it to 
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the objectionable oxide or rust upon the surface treated, Op 
this the metal to be applied deposits itself. But the layer of 
oxide beneath the outer covering of metal is never entire] 
got rid of. It is always liable to affect the outer surface of 
the object coated, as may be frequently observed in galvap. 
ized iron, and in all cases the coating of deposited metal hag 

| to be of a sufficient thickness to counteract the spontaneous 

| oxidation primarily due to the acid used in the galvanic 
process. 

It seems to have been reserved for M. Dodé, a French 
chemist of repute, whose family have for several generations 
actively devoted themselves to metallurgical research, tw 
verfect and patent processes successfully solving the two. 
fold problem of the inoxidation of iron and the application 
of platinum to its surface in a practical and inexpensive 
manner. 

The first process, ‘‘inoxidation of iron,” consists in coat. 
ing, either by means of a bath or a brush, any objects in 
cast or wrought iron (freed from the damp they may con 
tain) with a composition consisting of borate of lead, oxide 
of copper, and spirits of turpentine. This application soon 
dries on the surface of the iron, and the objects are then 
passed through a furnace, which is heated from 500° to 700 
‘ahr., according to the thickness of the articles under treat. 
ment, so as to bring them toa cherry heat when passing 
through the center of the furnace. At this point, the fusion 
of the metallic pigment takes place; it enters the pores of 
the iron, and becomes homogeneously adherent thereto, coy- 
ering the objects with a dark color, not liable to change 
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some later period an opportunity may be afforded of treat- 
ing, in another paper. the bearing of two of the processes 
concerned in the treatment of glass, whether in form of 
sheets or tubes, or of blown or moulded objects, and also of 
ceramic ware. 

The problem of the inoxidation of iron, or, in other words, 
of the permanent preservation of that most useful of metals 
from the attacks of rust, has long occupied attention. The 
possible utilization for this purpose of platinum—a metal 
possessing the qualities of being entirely unaffected by 
atmospheric changes—has not escaped research. Neverthe- 
less, none of the attempts hitherto made in this direction 
can be said to have led to a practical result, or one applica. 
ble to manufacturing purposes. The two latest of these, 
namely, those of Professor Barff and Mr. Bower, depend 
upon the production of a superficial coating of magnetic 
oxide; and, however excellent in their way, can scarcely be 
termed ornamental. When any other color than bluish gray 
is required, they are inapplicable, and the material has to be 
painted in the ordinary way. 

Hitherto, the rendering of metallic objects impermeable 
to rust has been partially accomplished by means of electro- 
plating—a lengthy, costly, and in many cases inapplicable 
method. Iron, for instance, cannot be electro-silvered with- 
out an intermediate coating of copper. Moreover, cast iron 
articles placed in an acid bath as a preparatory step to being 
subjected to galvanic action, have their fiber irretrievably 
deteriorated. The first action of the acids employed in the 








* A paper read before the Society of Arts, London. 


nor to disintegrate from the surfaces to which it has been 
applied. When any considerable depth of inoxidation is 
desired, the object may be immersed in the composition for 
the time requisite to absorb a sufficient quantity thereof. 
Corrugated iron may be treated by means of the above de- 
scribed coating, which supersedes galvanizing, is of lesser 
cost, and is producible in several hues of dark color. This 
first process wholly supersedes painting and varnishing, and 
metallic objects thus treated are rendered impervious to rust, 
and hence are of much greater durability. The cost of ap- 
plication is computed at an average of 3d. per superficial 
square foot. 

The second process, ‘‘ enameling of metals,” consists in a 
repetition of the coating operation, but with a pigment dif- 
fering from that above described, and having for its object 
the production of a smooth polished surface, such as is ob- 
tained with thick enamels. This pigment, which is com- 
posed of borate of lead, litharge,and essence of lavender, 
may be applied directly upon metal, and it renders iron also 
inoxidizable, although not to such a degree of perfection as 
when preceded by the first process. Its object is to super- 
sede enamels, which it does most advantageously, with 
respect to cost and durability, while furnishing a smooth 
and even surface for receiving and effectually protecting the 
subsequent economical application of platinum or gold to 
articles thus treated. An extensive variety of colored en 
amels may be produced, separately or in combination. The 
cost of this process is computed at 1d. to 14¢d. per square 
foot superficial. ‘ 

The third process, ‘‘ platinum coating of metals,” is appli- 
cable to both of the inoxidating and the enameling pro- 
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cesses, but with this difference of result: In the first case 
the platinum yields the appearance of dull silver, and in the 
second it resembles this metal so highly burnished as to ren- 
der any subsequent polishing ss unnecessary. The dry 
chloride of platinum dissolved in ether, and held in solution 
by essential oils, is simply applied by means of a painter's 
brush or a bath, according to the ornamental effects desired, 
and by the simple aid of heat sufficient to cause the evapo- 
ration of the medium which holds the platinum in solution, 
a heat not exceeding 350° to 400° Fabr., the platinum be- 
comes incorporated with the inoxidated surfaces. The re- 
sult is that a relatively infinitesimal portion of platinum 
suffices to coat a considerable surface; while this metal, 
being unaffected by atmospheric variations, or by the pro- 
ducts of combustion of gas, objects treated by M. Dodé’s 
inventions are rendered unalterable by exposure, or by ordi- 
nary wear and tear. The cost of this last process varies 
from 1d. to 3d. per square foot superficial, according to the 
thickness of the metallic coating applied. When it is de 
sired to produce a highly brilliant surface, two successive 
coats of the preparatory enameling are given, and an in- 
creased quantity of the platinum solution is applied. Gold, 
similarly prepared, may be used in lieu of, or in combina- 
tion with, platinum, at considerably less cost than when 
employed for electro or leaf gilding. In the case of platin- 
izing or gilding objects of polished metal, the first coating 
may be entirely dispensed with. No burnishing is required 
in order to produce a bright surface with this process. 

With reference to the various degrees of heat which are 
essential to the successful application of M. Dodé’s process, 
it is necessary to remark that, as the metal objects subjected 
to treatment are heated and cooled gradually by special fur- 
nace arrangements, and as the maximum duration of ex- 
posure to the greatest heat does not exceed five or six 
minutes, no detrimental effect whatever can possibly ensue. 

By M. Dodé’s processes, which substitute heat for galvan- 
ism, the use of acid is entirely dispensed with, and, there 
being thus no cause to encourage oxidation, no obstacle is 
offered to the instantaneous amalgamation of the original 
surface with the applied metal; a sufficient degree of heat 
only is required to cause the evaporation of the substances 
by which the latter are held in solution and fusion. The 
merit of the discovery lies in the method of preparing and 
holding the various metallic pigments in solution, and in 
directly applying them to the objects under treatment, with 
no other aid than such degrees of heat as do not affect the 
condition of the metals treated. Compared with electro- 
plating and galvanizing, these processes, by reason of their 
moderate cost and the facility of their application, present 
such advantageous features that a large field for operation 
is thereby opened. 

In fact, the fieid offered in the industrial world for the 
practical application of M. Dodé’s inventions may fairly be 
described as boundless. There is hardly any limit to the 
application of the processes save the size of the furnace, and 
hence they can be applied with equal facility, and by com- 
mon mechanical means, to a metal paper-weight or a pillar 
letter-box, to a door-knob or to a park gate. 

By the black or inoxidating process objects are rendered 
durable, by the enameling and the platinizing processes ab- 
solutely beautiful, and at the same time impervious to the 
effects of outdoor exposure. It is not too far, perhaps, to 
look forward to the day when galvanized iron roofs and 
buildings, in their gray unsightliness, will be replaced by 
sheets of softly glittering metal, pleasantly refreshing rather 
than dazzling to the eye, when lamp-posts, converted into 
gleaming pillars of silver, or gold, or bronze, shall reflect 
the luster of the flame they support, and when pillar letter- 
boxes, street orderly bins, and metal corner-posts shall com- 
bine the useful with the attractive. ron railings, too, 
around public monuments and buildings, such as the British 
Museum, instead of requiring continual coats of paint, or 
having their spikes periodically covered with gold leaf ata 
great expense, compared with the effect and durability ob- 
tained, may be advantageously treated b 
tion; for he contends that by the substitution of gold for 
platinum as the outer coating in his process, he can produce 
the effect of gilding at one-twentieth of the cost where gold 


leaf is employed, and obtain at the same time an infinitely | 


greater durability. Here is an opportunity for the city or 
cathedral authorities to venture upon an experiment which 
deserves trying. The railings round St. Paul’s Cathedral 
are to be redecorated, simultaneously with the improvement 
of the churchyard. Instead of adopting the present expen- 
sive method of gilding, why not coat them with M. Dodé’s 
composition, at considerable saving in the cost? 

In all cases cost is a most important feature of preserva- 
tive operations, and it may be broadly stated, in reference 
to M. Dodé’s method, that the cost of platinizing is about 
equal to that of applying three coats of paint and about one- 
tenth of that of electro-plating with nickel. These com- 
parisons have reference to Paris prices, which, as a usual 
rule, are not lower than English. A detailed account of the 
treatment of eight stoves, one of which is now exhibited to 
this meeting, is as follows: 


Frs. 
1 liter preparation (retail) .............cee-seseee sees 375 
First furnace operation... © .........sesseeees .. 320 
Reagents for platinizing. ...............+-++0-5 e000 400 


Second furnace operation ...............0scseeeseees 3°30 
Manipulation, wear and tear, etc 1°85 
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being two franes, or 1s. 8d. per stove. The French trade is 
quite willing to pay four times this rate, as to nickel-plate, a 
similar stove costs from thirty to forty francs; and the Val 
d’Osne Company, who are large manufacturers of these 
stoves, have expressed a highly favorable opinion of the re- 
sults arrived at. 

The preservation of iron ships from the action of salt water 
by means of M. Dodé’s invention is a problem as yet requir- 
ing further investigation. But so far as a ship’s numerous 
fittings, now made in brass or galvanized iron, are concerned, 
there can be no doubt of the superior strength and durability 
of metal treated’ according to his patent, and there would be 
no comparison between the strength of galvanized and plati- 
nized iron-wire for standing rigging. The insulation and 
preservation of telegraph wires, and the preservation of the 
ironwork portions of railway rolling stock, also deserve 
attention. 

M. Dodé may, at least, be congratulated upon having suc- 
cessfully solved a problem that has been for a long time oc- 
cupying the attention of the iron trade, namely, the opening 
up of afresh field for the employment of wrought and cast 
iron. Ordinary cast or wrought iron preserved and decorated 
at a trivial cost, according to his methods, will replace, to a 
considerable extent, copper, nickel, brass, and other costly 
metallic substances hitherto employed. Large foundries, 
devoted to the production of ornamental metal work, are 


| als, 


M. Dodé’s inven- | he rather doubted whether it would stand. 


| many experiments in early life upon the subject, in the in- 


| first instance. 


land that when this was achieved it would remain. 





| — iron, if coated in that way, would stand the action 


| tistic work. Some of the Berlin castings were as fine 


likely to accord an unfeigned welcome to a discovery which ' but the reason they were not used in public statues was that 


will enable them to preserve their manufactures from rust, 
obviate all necessity for periodical polishing whilst the arti- 
cles remain in stock, and also enhance their appearance and, 
consequently, their value. 

Articles of common use, and ornamental productions of 
high class, can be advantageously subjected to M. Dodé’s 
processes at very moderate cost; while the market value of 
all objects treated is considerably enhanced, not only through 
their highly ornamental appearance, but also by reason of 
their non-liability to corrosion. 

In concluding this brief explanation of the various advan- 
tages presented by M. Dodé’s discoveries in metallurgy, it is 
only necessary to call attention to the various specimens ex- 
hibited this evening, and to state that, M. Dode being pres- 
ent, it will afford him much pleasure to explain any matters 
of detail, or to answer any questions bearing upon practical 
applications of his inventions. 


DISCUSSION, 


The chairman, Dr. J. W. Russell, said he should like to 
know whether both processes mentioned, namely, the first 
one, by which the substance was covered with borate of lead, 





the iron was subject to rust, and when they were painted all 
their beauty was gone. By this process he could imagine 
almost every statue being made of iron instead of bronze, 
and it would not be subject even to the drawbacks to which 
bronze was in this country out of doors, being turned green, 
black, and other colors by oxidation. For rng | parpoers 
two coatings might be given if necessary, and it might 
be done at once, before even the metal got cool from the 
castings. 

Mr. Silk asked what was the cost of this process as com- 

red with Mr. Barff’s process, described the previous even- 
ing; what was the heat required for the inoxidation process; 
if the iron required any previous manipulation; and whether 
brass and other metals could be platinized. 

Mr. Stoffel said he was not aware of Professor Barff’s es- 
timate, but the ordinary price of inoxidation was one farth- 
ing per square foot. That was the price actually arrived at 
on a small scale, and would most probably be diminished 
when working commercially. The treatment was regulated 
by the thickness of the iron. It had to be raised to a cherry 
red heat so that the oils might be evaporated and the pig- 
ments become melted and be embedded in the iron, Accord- 


oxide of copper, and turpentine, and the other, in which | ing to the thickness of the iron so was the heat required, 


borate of lead, oxide of lead, and essential oil of lavender 
were used, were necessary before the application of the 
tetrachloride of platinum. 

Mr. Stoffel said the first process was applied simply when 
the iron was desired to be protected against oxidation, and 
the color was dark. If the second process was desired, its ob- 
ject was to coat the iron with enamel, which would give you 
two or three dark colors; it was principally devised so as to 
form a proper recipient for the coating of platinum. With- 
out this process, the quantity of platinum required to cover 
the iron would be considerable, but when it was used, the 
quantity required was infinitesimal. 

The Chairman said he understood that they did not plati- 
nize on the first process; but the second was employed when 
platinum was to be used afterwards. 

Mr. Stoffel said that was so. They could apply platinum 
on the first process when a polished surface was not desired ; 
but when a bright surface was required, you must use the 
second process. 

M. Dodé, who spoke in French, gave a brief sketch of the 
experiments which had led him to develop this process. He 
had first sought to substitute platinum for mercury in the 
making of looking-glasses, of which he had made a consider- 
able number, —~ specimens of which he exhibited. His 
factory being destroyed at the time of the war, he turned his 
attention to the coating of metals with platinum, and es- 
pecially to avoiding that oxidation of the metal to be coated 
which took place in the galvanic process by the action of 
the acid on the surface before the deposition of the metal, 
the consequence of which was there was no solidity in the 
work. After many experiments, he succeeded in dissolving 
the platinum to the state which he showed in a small phial 
bottle, containing 7 grammes of platinum, and which he 
said was sufticient to platinize more than twice all the articles 
exhibited. 

Mr. Spencer said he had heard of this invention within the 
last fortnight or three weeks, and having in earlier life tried 
to effect the same end, he felt a great interest jn it. At first 
he was rather disposed to doubt, not that with essential oils 
a coating of platinum could be given many things, because 
he had already tried it, and it had been done with regard to 
china, producing the article formerly known as l®ster ware, 
which was made at Tunstall in Staffordshire, a piece of 
which he produced. As far as he understood, it was applied 
in much the same way, but it had not been applied to met- 

He had himself applied it to metals, but not in the same 
way as this. He sented it to lead, in order to get a negative 
galvanic plate to a battery, for which, many years ago, he 
took out a patent. When he heard of its being applied to 
iron in the same way which had been shown, he asked a 
friend who knew Mr. Stoffel to get him a bit of it, because 
He had, how- 
ever, put it to some very severe tests, and it stood in a way 
he did not expect. He must, however, say there were some 
few pin-holes of a trifling character; but he was convinced 
that a double coating would produce such a protection to 
iron as had never been seen yet. He said this, having made 


troduction of electrotyping. It was then a problem with 
him to coat iron with copper electrically, and he had suc- 
ceeded, but only to a certain extent. It was not done with 
facility, and the iron had to be prepared very carefully in the 
Even then it was never a thing which could 
be largely adopted in practice, because there was so much 
trouble in getting rid of rust in the first place, and then 
there was a want of adherence between the two metals. He 
was, therefore, delighted to see the problem solved so wey: 5 
3ut as he was informed the iron was subjected, after the 
iron had been coated, to a cherry red heat, which meant 
something like 800° or 850°, there were some metals which 
could not be subjected to that heat with impunity. He had 
been often struck with the great many affinities between iron 
and platinum. In the first instance, they were two weldable 
metals par excellence. He also found in making experiments 
that adherence took place between them at certain a. 
ne 
color of these specimens was not the true platinum color, 
which showed him that the surface of the iron and Sy cmap 
had amalgamated, because platinum and iron would form an 
alloy. No one probably would think of using platinum for 
looking-glasses if they could get silver or quicksilver, be- 
cause the color Was not so good. You might not notice it 
immediately, but a lady dressing for a ball would not like 
the eadaverous look it would impart to her countenance. It 
was now found that, by a new process, real silver could be 
deposited on glass by the aid of essential oils; but, in prac- 
tice, it was very seldom they did not find defects here and 
there, where the essential oil had not been thoroughly re- 
moved. In fact, looking-glass makers told him that the 
could depend on nothing but the old mercurial process, whic 
was not now open to the same objections as formerly. With 
regard to the covering of iron, it seemed to him one of the 
most valuable discoveries ever brought before the society: 
and, having had a deal of experience, he must say he 
knew of nothing which came up to what he now saw. is 
process would do an immense deal for both the industrial 
and fine arts. He should hardly imagine that a vessel of 


of acid like a platinum vessel, but it would do an immense 
deal in other respects. He believed it would keep intact for 
ages as far as the influence of the at here went, and, 
looking at the perfection now attained in iron casting, there 
was no reason why it should nct be largely employed in A 


beautiful as anything you could imagine iu plaster of Paris; 











varying from 400° to 1,000°. The iron required no previous 
manipulation except to thoroughly dry it. The principal 
use of the first pigments was to prepare the surface to receive 
the platinum, but on polishe steel or German metal the 

latinum might be applied direct, and would adhere with a 

ess degree of heat. 

Mr. Raper said any Englishman returning from abroad was 
generally struck with the peculiarly dull, unhandsome ap- 

yearance of the buildings in comparison with what he had 
en accustomed to on the continent, and no doubt it had 
occurred to many that it would be most desirable if the in- 
elegant appearance of our houses could be improved, all their 
conditions of stability and durability being preserved. He 
had no anticipation that this invention would supersede the 
ralvanizing process for some purposes, but there were no 
doubt many applications for which the latter would not be 
suitable, and one of those would be to cover the outside of 
buildings generally with thin plates of iron coated with plati- 
num, and in certain forms of decoration. It also might be 
adapted to the interior of rooms. The ornamental appear- 
ance of the glazed ware about the buildings of South Ken- 
sington and the Albert Hall might have struck many people. 
Encaustic tiles were capable of a large amount of beauty and 
immense solidity, but they were far too expensive for gen- 
eral adoption. There was a process, however, which might 
be adapted to many ornamental purposes of that character 
with great advantage. Such thin plates of iron might be 
stamped in any ornamental design or even color. He had 
always understood that metals were opaque, but he noticed 
that one sheet of glass which had been handed round coated 
with platinum could be seen through, showing that the coat- 
ing must be exceedingly thin. The advantage of these thin 
plates of iron would be that they would not be breakable, 
and they would not affect any rain water passing over them. 
The idea of introducing platinum, one of the most expensive 
of metals, on such a wholesale scale as this, struck him as 
certainly a most daring idea, and reminded him of the old 
motto, audaces fortuna juvat. 

Mr. Edward Spon said it appeared rather invidious to 
criticise an invention with such beautiful examples exhibited, 
and it certainly did not require much consideration to un- 
derstand the value of any process by which platinum could 
be applied in extremely thin films impervious to acid and 
oxidation; and any man who could do it would realize a 
large fortune. He confessed a doubt whether this invention 
in its present stage would resist oxidation or acids. It was 
not at all a new thing that metals mixed in some form with 
essential oils would form a coating on other metals. Cooley’s 
‘* Cyclopedia of Receiptg” had about twelve or fourteen re- 
ceipts for this operation, all of which he had tried, and they 
were all more or less defective. In one of them bichloride 
of platinum, or bichloride of gold, was dissolved in tannic 
acid, which produced very easily a coating of platinum on 
brass; but, as far as his observations went, it would not 
touch iron. He had been through M. Dodé’s experiment, as 
far as he could on a laboratory scale, but could never get a 
bit of iron sufficiently coated to resist the action of the at- 
ay ee Mr. Spencer had spoken of pin-holes, and all 
his deposits had been streaked. The heat to which the arti- 
cles were subjected would certainly seriously affect any 
small article of iron or steel. He could not see any descrip- 
tion of the process in the paper, but, as far as he we Pecos 4 
the action of the essential awe to precipitate the metal in 
a finely divided state; but the heat that the article was sub- 
jected to afterwards would certainly not fuse the platinum 
sufficiently to make a thin coating; and, if it was only thrown 
down in a powdered state, it must inevitably have ‘inter- 
stices, however small, which would be open to the action of 
acids or oxygen. He also doubted whether M. Dodé would 
not find the expense considerably more than he anticipated, 
because nearly all the articles used were of a very expensive 
nature. Perhaps some other essential oil maiahs be found to 
replace the oil of lavender; the oil of lavender, of the quality 
necessary to be used in the process, would cost in England 
at least £4 5s. to £5 per fluid ounce. The Continental oils 
of Spike, which were used to replace oil of lavender, were 
very cheap; viz., 38. to 5s. per lb., but they were totally use- 
Jess, and as far as he could ascertain, the ordinary English 
oil of lavender was also worthless. He should like to know 
if the operation of burnishing was required, because it was 
very expensive on platinum. 

r. ay ope regretted that it was not in his power to 
deal with this question from either a scientific or a commer- 
cial point of view. The only point to which he Id ad- 
dress himself was the enormous advantage w would 
arise from this process to ordinary householders. @ome ob- 
servations had n made by Mr. Spon, but the answerewas 
a simple one of fact; Mr. Spon had not sycceeded, and M. 
Dodé had. With regard to the other question, about the 
streakiness and the spots, he looked upon it solely as a prac- 
tical man of common sense. He had been present at almost 
all the experiments made by some of the best scientific men 
of England, some of them conducted at Messrs. Johnson, 
Matthey & Co.’s, in the presence of some 30 gentlemen, who 
wane prehed out as being of great eminence in connection with 
metallu The experiments conducted in Mr. Matthey’s 
office, before these gentlemen, did not show asingle failure. 
Mr. Spencer—than whom there could be no r authority 
on the question of metal-plating—had told them there might 
be certain small pin-holes, after subjecting these specimens 
to, perhaps, the severest chemical test known, but yet, by a 
second coating, all danger from these pin-holes could be ob- 
viated. There were many questions it would be 
tion for him totouch upon, but he could not help 
what an enormous advantage the ayplication of such a 
ple and inexpensive process would be to common domestic 
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use. Every day iron was being used more and more for the | mens had been tested for any length of time in the atmo- 


utensils of the house; almost every part of our houses was | sphere from the acid fumes. 
being improved by a more easy and cheaper appliance of | 


iron. The water-pipes which carried off the rainfall were a 
source ¢* constant expense from the enormous oxidation tbat 


One other question of great 
importance to him as a chemist was, whether iron vessels 
could be coated with platinum by this process, so as to take 
the place of the very expensive vessels which were so useful 


occurred, sometimes going so far that they actually rotted | in a laboratory. 


away at the ends; but if, by this process, they could be | 
made, as Mr. Spencer had said, to last for ages, all that ex- | 
pense and annoyance would be prevented. That was with | 
regard to the first process. Then, with regard to the sec- | 
ond, he would remark that the first thing you touched in go- 
ing into a railway carriage was the door-handle, which was 
made of brass, and very expensive; but, by M. Dode’s pro- 
cess, it could be made of iron, which was much stronger, | 
and, of course, it would look like silver, and serve equally | 
as well. 

Mr. Manning said one ounce of experience was worth a | 
pound of theory. He had been to Paris to see the process 
carried out, aa the stove now exhibited he saw in its origi- 
nal state of cast iron; it was coated by M. Dode in his pre- 
sence, and put through the furnace and turned out in the 
condition in which it now appeared, having been twice in 
the furnace in the space of 12 minutes. As regards the | 
cost, he was obliged to take the figures given him, but he 
was told that the difference in cost of platinizing and nick- 
elizing was £3 4s. He saw there were some flaws in some 
of the articles, and the reason was explained in this way: 
that there was a certain amount of damp which had not been 
removed; all this could be avoided by thoroughly drying the 
iron in the first instance. There was no polishing whatever, | 
it came out of the furnace exactly as it now appeared. 

Mr. Daw remarked that it had been put forward that this | 
process would supersede galvanizing, and if the complete 
process could be done cheaper than galvanizing no doubt it 
would, but he doubted whether the first process only would 
do so, even if it could be done at one-fourth the cost. If 


| 


| 


Mr. Stoffel said they had a stove in. use in Paris all the 
winter, burning coals or coke 16 or 12 hours a day, and it 
showed no difference in appearance from the one now ex- 
hibited. Asthe invention was a novelty, they could not 
give a longer experience. But they now turned out better 
work than at first, as would be seen by examining some of 
the small articles now shown. One ornamental casting in 
the room had been exposed to rain and frost all 
the winter, and other specimens had been exposed 
nearly a year, and had not shown any deterioration. 
The greatest precaution required was to see that the iron 
was thoroughly dry. The mineral composition, which was 
the essence of the invention, melted and went into the iron, 
closing the pores and giving a perfectly secure surface. On 
this the platinum, or gold, was deposited, and it was in this 
way that they were able to decorate articles as shown with an 
infinitesimal quantity of precious metal. It was found that 
it took about 20 times as much gold to gild a piece of iron 
in the ordinary manner as it did by this process, and it then 
only looked gilt, whereas by this method it looked like gold, 
and would wear 10 times as long. There was not @d. worth 
of platinum on the stove. The cost really consisted in the 
manipulation and furnace operation. It did not matter what 
oils were used. Those made use of in treating. the objects 
exhibited had cost at Paris 17 francs the kilogramme, or 
about 6s. 6d. per lb. There was no burnishing required if 
the second process was adopted. He would point to a panei 
for a balcony, platinized on both sides, which had not 
cost 2s. 6d., and would not cost so much in regularly appoint- 
ed works for the purpose, and this was not much more than 


the inventor could give any further information as to the re- | it would cost to give it three coats of paint. Platinum could 
sults of the first process on common iron it would be in- | be applied to the surface of bricks or porcelain by this same 
teresting. | system, exactly as it was to glass, and it was anticipated 
Mr. Spon asked if the prices of nickeling, with which the | that great use would be made of it for this purpose in order 
cost of this had been compared, were tho prices in London, | to reflect light in the city of London. The cost of this ap- 
Paris, or New York; because it was comparatively an ex- | plication to the surface of white brick would be, he expect- 
yensive process in London and Paris as compared with New | ed, about 1d. per foot, and no —— influence could 
Fork, where there were upwards of 200 nickel platers, | injure it for a considerable period. With regard to vessels 
while he did not think there were more than three in Lon- | for holding acids, he could only answer as yet for small ves- 
don, and certainly not 20 in the kingdom. The stationers’|sels. No acid would attack a coating of platinum, and if 
shops were now full of nickel-plated pencil cases, the majo- | three or four coats were applied on well prepared iron, a 
rity of which were imported from the United States, a great | substantial vessel could be prepared for containing acids, 
number of them having been sent to New York, nickeled | but it would require several coatings, and it must be done 
and returned. Consequently the expense must be trifling | with great care. Several very stringent tests of durability 
there, or the price would not pay the expense of carriage to | were made at Messrs. Johnson & Matthey’s laboratory. 
and fro and the high duty. here was no doubt in a year | Pieces of iron brought from the Carron Company were 
or two nickel plating would become as cheap in England as | treated on the spot, and were then subjected to the action of 
in America, and therefore the present prices would not | hot steam for 48 hours, and never varied. Afterwards, they 
form a basis for calculation. were subjected to the action of acids and alkalies in a sand 
Mr. Manning said he only took the prices given him, | bath for 48 hours, and did not vary. Upon that, a very fa- 
which no doubt were the Paris prices. | vorable opinion was expressed as to the importance of the 
Mr. Raper said when he expressed an opinion that this | invention, and it was stated at the same time that, if they 
process would not be likely to supersede galvanizing, | had itin use in the North of England, where alkali and 
he meant his remark to apply to the common and cheapest | bleaching works destroyed iron roofs to such an extent that 
kind of galvanizing—the ordinary coating of iron with zine, | they had to be renewed every three years, it would be of 
by an acid bath. He thought Mr. Spon was slightly mis- | immense service. In some respects, cost was a secondary 
taken as to the cost of essential oils, and that there were oils | consideration; but they had settled beyond doubt that the cost 
which would answer quite as well as the particular one | of the inoxidation process was less than that of galvanizing. 
named. If it would stand the heat, the first process might |The high prices and the scarcity of platinum had been 
very well be applied to stoves instead of blacklead. | mentioned as drawbacks to the general use; but eminent 
Mr. Spencer wished to make a remark on the theory of | mineralogists have expressed the opinion that the supply ob- 
adhesion, and the action of the essential oils in this process, | tainable from Russia alone would be amply _ sufficient for a 
These oils consisted almost wholly of hydro-carbons. The | far greater demand than that at present existing, and that 
doctrine was almost settled amongst chemists that hydro | large unworked deposits of it are to be found in other loca- 
gen was a metal, and there was nothing so well suited for |lities. By M. Dode’s process, crude platinum can be made 
joining metals together as any body in which there was a |use of, and the costly operation of retining the ore, and get- 
arge proportion of hydrogen. In 1840 he theorized on this | ting rid of its alloys of osmium and palladium, which so 
principle, and put it into practice in what was called auto- | greatly enhances the price of the — metal, is entirely 
genous soldering; by which he brought two pieces of lead | dispensed with. The infinitesima 
together without the intervention of solder, because pre- | a large surface must also be taken into consideration. The 





viously a galvanic action was always set up at the point. | method of applying platinum to the surface of ceramic sub- | 


He used a blow pipe with pure bydrogen, and fused the two | stances, mentioned by Professor Spencer, was actually dis- 
metals together. He then asked himself the question how | covered by M. Dode’s grandfather; and after being carried 
it was that one thing assisted the plumber’s soldering and | out by him in Germany at least 70 years ago, was subsequent- 
another did not, and in the Mech+nie’s Magazine for 1840 or | ly introduced into England, and practiced at Tunstall, in the 
1841, he published a paper showing the different materials | production of what is known as “luster ware.” 
and substances which would induce soldering most, and it| The Chairman said it was somewhat remarkable that two 
appeared that they were in the ratio of the hydrogen they | processes, which would, no doubt, prove of great impor- 
contained. With regard to what was called galvanizing | tance in the future, each devised for the purpose of making 
iron, or covering it with zinc, every one knew how rotten | iron a permanent metal, had been developed in that room 
zine beeame by the action of the atmosphere and the sun; it | on successive evenings. He did not wish to express any 
was slightly better than wrought iron, but even for covering | opinion as to the relative merits of the two, but he believed 
buildings it was by no means so perfect as he thought this | that each had a great future before it; the appearance of the 
process would be. It struck him that there was one draw- | iron after undergoing the coating was very different, and 
back about this process, namely that, if largely used, it | time and experience would show under what circumstances 
would tend to increase the price of platinum. one process or the other might be used with most advantage. 
Mr. Pearsall asked if there was any possibility that the | He concluded by moving a vote of thanks to M. Dode and 
process which took place in the furnace under the influence | Mr. Stoffel. 
of heat would take place gradually by the action of time, if| The resolution was carried unanimously, and the meeting 
the preparation were applied in places where it would be | adjourned. 
impossible to heat it afterwards, as for instance in the inter- —_ : —_ 
stices of wire rope. It was well known that many iron | SLATE QUARRIES OF MONSON, MAINE. 
structures were in a dreadfully insecure condition, and it was 
very common for the police to give notice along the line of a | (Boston Journal of Commerce.} 
procession that balconies should be avoided. Itoften happen-| THe town of Monson, where the above-mentioned slate 
ed that though they were constantly painted, the portion of | quarries are located, is situated in the western part of Pis- 
the iron work which was embedded in the wall became quite | cataquis County, about eighty miles northwesterly of Ban- 
rotten, and disintegration might also be going on to a great | gor, and fourteen miles south of Moosehead Lake. The 
extent under a nicely painted external surface. He had|town is most conveniently reached by way of the Bangor 
been struck with awe on seeing the shameful state of the | and Piscataquis branch of the E. & N. A. R. R., stopping at 
wire rope in a bridge over the Thames, where the oxide of | Abbot Station, which is five and a half miles from the vil- 
iron had exfoliated in lumps like bunches of currants. That | lage of Monson. 
bridge had since been painted, and when he last inspected | late was first discovered at Monson in July, 1870, by 
it he found that the paint had been put on over these masses | Wm. G. Williams and John C. Tripp, then residents of 
of oxide. In such cases as this the invention now brought | Brownville; and the following August the first blow was 
forward would be of immense importance, if the preparation | struck on that part of the slate vein now known as the 
were allowed to work its way into the interstices of the | Eureka quarry, by Wm. G. Jones. Here was commenced 
cable, and it would then protect the surface of the iron. |the manufacture of slate the following September. Such 
When one metal was laid upon another there was almost | was the quality of the slate obtained, near the surface, and 
always a galvanic action, so that in the case of a tinned | at so small an outlay comparatively, that parties were in- 
saucepan, or galvanized iron, if the tin or zinc got knocked | duced to see what could be done at other points on the vein; 
off, the metal underneath would be destroyed much more |and accordingly, in April, 1871, Dr. L. E. Norris com- 
quickly than if it had never been protected. |menced operations ona portion of the vein purchased of 
The Chairman asked if any of these stoves had been used, | Rev. D. P. Bailey, and now known as the Eastern quarry. 
because the point occurred to him that by changes of tem-|In May, 1871, what is now known as the Hebron Pond 
perature the enamel might, to some extent, become de- | quarry was opened by A. Chapin and others. In May, 1872, 
tached from the iron; on the other hand, it might be so ex- | the Cove quurry was opened; and in May, 1878, work was 
cms thin that it would expand with the iron and not cteuienned on what is now known as the Dirigo slate quar- 
fom off. He always liked to see specimens not quite per-|ry. The several quarries now constituting the slate opera- 
ect, which had been somewhere 80 as to show the de-| tions at Monson have had an eventful history, each having 


fects. Mr. Spencer had referred to the pin holes, and with | been worked, more or less, experimentally and under great | 
a magnifying glass he could see them, though they seemed | disadvantages, with lack of proper machinery, etc.; yet the 
exceedingly small; but he should like to know if any speci- | slate taken out in the meantime 


had acquired an enviable repu- 





quantity needed to coat | 








tation. Someof the original owners of the quarries have dig. 
posed of their interests, while others were compelled to aban. 
don any further working of them on account of the lack of 
capital. The comparative remoteness, too, of the slate from 
ready and convenient means of taking it out of the count 

to market also tended to depress and discourage the efforts of 
those who originally opened the quarries. The opening of 
the Bangor and Piscataquis Railroad to Abbot has, however 
—— that difficulty, and brought these slates into mar. 
et. 

EXTENT OF THE MONSON SLATE VEINS. 


The width of the slate veins is about two hundred and 
fifty feet, and over a mile in length, and run east and west 
beginning at Hebron Pond and terminating at Monson Pond. 
This immense body of slate lies in the village, being only 
ten minutes’ walk from the hotel. The number of quarries 
opened is eight, as follows, respectively, beginning from the 
Cove quarry, organized in 1873; Hebron Pond, organized in 
1872; Dirigo, organized in 1873; Eastern, 1873; Imperial 
1874; Eureka, 1871. The Forest and Oakland quarries were 
opened at a later period, and the latter one promises io be a 
great bonanza in its way. It is probable that it will eventu- 
ally be united with the Forest quarry, and both worked un- 
der a single supervision, the pits at the present time being 
only a few hundred feet apart. Good slate was made from 
the surface of the Cove quarry, but deep operations were 
abandoned on account of the influx of water from the pond 
in close proximity. Work on the Imperial and Eureka 
quarries has been suspended on account of the lack of capi- 
tal. All the slate companies referred to were incorporated 
either by special act or under the general law of the State. 


QUALITY OF THE MONSON SLATES. 


The quality of the roofing slates manufactured at the 
Monson quarries speaks for itself. It not only has the repu- 
tation of being the strongest slate in the doer = | but possesses 
a degree of elasticity that is really wonderful, considering 
the nature of the component elements of slate. It is of a 
blue black shade, and grows richer in color the longer it is 
laid, and withstands the changes of climate in a remarkable 
degree. It is of unfading quality. Respecting its strength, 
it has been tested over and over again by experts and others, 
by placing the ends of a large plate upon supports and sub- 
jecting it to a pressure equal to the weight of a man of 180 
or 225 pounds upon the center without breaking it. But 
very few slates are capable of sustaining such a pressure. 


SOME S8TRIKING PECULIARITIES. 


Owing to the vein running in nearly a straight line the 
whole length, not varying more than four degrees there- 
from, the slate naturally splits in conformity with the run 
of the vein, and in thickness each slate is as true as a sheet 
of window glass, having none of that curvature which cha- 
racterizes most slates, domestic or foreign; and, as already 
noted, it has an unfading quality, which can scarcely be 
said of other slates, while its uniformity of tone and color 
are peculiarities worthy of special notice. The Monson 
slate, too, splits only in one direction, and consequently 
possesses much more inherent strength than do those slates 
that split in various directions, and is consequently stronger 
than any other slate known. Beautiful specimens of den- 
drites, resembling frost work, shrubs or trees, are sometimes 
found in these quarries on the *‘ flint.” 


DISTINGUISHING FEATURES. 


The best slates are distinguished by an appearance of com- 
pactness and solidity in their blocks, with nothing to sug- 
gest their fissile character; and yet this should be so perfect 
that, when fresh from the quarry, these blocks may be spht 
| with greater ease than pine wood, and into sheets of any de- 
sired thickness. This essential necessity is fully met by the 
| slate quarried at Monson, the faces of the slate there being 
perfectly smooth and parallel, without any curvature or ir- 
regularities or blemish of any kind whatever. We speak of 
what we know from actual observation in this respect. 
When one of these Monson slates is balanced on the finger 
and struck with a hammer, it gives a clear ringing sound 
that does the ear of a man good who is in quest of the best 
slate. An excellent test of the comparative qualities or 
values of different slates is arrived at by adopting the pro- 
cedure above noted, and also by drying the slate in an oven 
and then immersing it in water. If it is a superior article 
it will absorb but little water, as may be ascertained by 
weighing it before and after immersion. The quality of the 
slate taken from the Monson quarries is apparently one and 
the same, and all is easily worked. The absence of pyrites 
and the unsightly stains of oxide of iron from the Monson 
slate is a matter of comment by those who have visited the 
quarries. 


THE PURENESS OF THE VEIN. 


Those who have investigated the subject say that the slate 
vein at Monson, all things considered, is the purest yet 
known. The condition of the Oakland pit is a striking il- 
lustration of this view of the subject. This quarry was 

| opened only last October, swampy land lying over what now 
presents a deep pit of the finest slate in the world, existing 
| in wide veins, and free from extraneous matter. When the 
pits onthe line above, where the land is more elevated, 
shall have been sunk to a depth on a level with the Oakland 
quarries, there is no doubt but that the seven other ones will 
prove as rich and clean in slate wealth. Respecting the 
** flint,” it seems to surround the slate for a purpose just as 
the loaf of bread is preserved by its enveloping crust. 
‘** Flint” appears invariably on both sides of the slate, and 
both have the same angle. 


COMPARED WITH OTHER QUARRIES, 


those at Monson ss special advantages which conduce 
to a superiority of the slate manufactured. In these quar- 
ries the seams or joints, in which the slate is deposited, ren- 
der the labor of quarrying comparatively easy. A man with 
a crowbar can quarry all day long, removing intact the 
regular chunks of slate from their walls—blocks of slate 
which lie in most instances as regular as though placed there 
by the hand of some master mason. The greater the width 
of the distance from the joints the greater the quantity of 
slate can be got out; otherwise it would be necessary to start 
a large mass of the material by explosive power, and conse- 
quently more or less waste would result. The difference 
between the ‘‘flint” of the Eastern quarries and those of 
Pennsylvania is marked, that of the former being very hard, 
and that of the latter soft, which is used to a considerable 
extent for flagstone. The Pennsylvania drift also lies dif- 
ferently, and varies in different localities, it being neces- 
rsary to “lift” the veins of slate, while those at Monson are 
more or less in sight from the surface, and are easily got at. 
| The Oakland quarry is also a good illustration of this pecu- 
liarity, After taking off about four feet of earth, which 
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consisted of a rich vegetable loam, with a heavy gravel un- 

der it intermixed with clay, level bed-rock was struck which 
sed the veins of slate, and the intermediate, narrow 

seams of flini, the former presenting in some instances a 

surface cf from nine to twelve feet in width of pure slate of 

unknowu depth. 

OPERATIONS AT A PIT. 


During the visit of the writer to the Monson slate vein he 
visited the bottom of the Hebron Pond quarry. The pit, 
with its series of ‘‘ benches” or shelves, is now about 250 
feet long. 60 feet wide, and fully 100 feet deep. A dozen 
batless men were at work in the depths, quarrying with 
crowbars, removing 2 blocks of solid, clear slate, or dis- 
posing of “rubbish.” The mechanical appliances for draw- 
ing up the slate, ‘‘ flint” rock, and rubbish from the pits are 
the same in general construction all along the line of the 
yein, consisting of two derricks at the principal quarries, 
properly supplied with steel wire ropes and blocks, the mo- 
tive power being engines of adequate capacity, which also 
run ull the other machinery used in trimming the plates of 
slate. Boxes of about the capacity of a common tip cart for 
carrying earth are employed in bringing up the material from 
the pits, and these boxes, loaded either with slate or debris 
are swung into position wherever wanted, and their upward 
or downward movement is regulated by a brake attachment. 
So the heavy and cumbersome loads from the pits are 
handled with comparative ease, all the slate being put on to 
a flat-car and rolled into the sheds where the slates are manu- 
factured, and the “flint”. placed on similar cars and moved 
on a similar tramway tothe dumping grounds. Some of the 
Welsh slate quarries are 300 feet in depth, and contain less 
rubbish, perhaps, than most of the American slate quarries; 
but after the surface stuff of any slate vein is removed the 
quality of foreign matter grows less and less in proportion to 
the depth of the pit. The Oakland quarry of the Monson 
vein, for instance, is at the present time as clear from rub- 
bish as the finest dry dock of any navy yard in the coun- 
try. All the other quarries here will aiso be as clean in time, 
and consequently it will require less effort to work them, and 
the more they are worked the more advantageous will they 
become to those directly concerned. 


DOWN IN THE DEPTHS. 


We gratified our curiosity to tread the bottom of one of 
those slate pits by stepping into one of the boxes above de- 
scribed. In less than a quarter of a minute we stood upon a 
mass of unquarried slate. The sensation experienced during 
our rapid transit from the surface of the earth down into the 
bowels of the slate quarry were peculiarly undefinable. We 
hive been up in a balloon, fell overboard, been kicked by a 
mule, and hoisted by a steamboat explosion, but it is the 
rapid going down process, the stop in the descent with a 
jerk, to find yourself for a time a prisoner inside of four per- 
penilicular walls of stone, that combine to render a trip of 
this kind sensational almost before it has been experienced; 
but +2 had faith in the strength of that steel-wire rope by 
which we were suspended between heaven and earth for the 
time being; and when we made the ascent and found mother- 
earth under our feet again, we thought of the family we had 
left at home, and then shuddered at ‘‘ what might have been ” 
if that rope had parted—and no insurance on our life, either. 


HOW THE QUARRYING IS CONDUCTED. 


Every slate quarry has a superintendent, and every gang 
of men has a head, or ledge-man, whose business it is to see 
that the work of quarrying is coaducted advantageously. It 
requires a practiced eye to detect at a glance the slate and the 
flint; and of all men engaged in the business, the Welsh- 
man, who has worked in the slate quarries of his own native 
Wales, can most readily read as it were the language of 
rocks. He knows what every’seam means, and what it will 
lead to, and its geological relations. He knows just where 
the ‘‘ flint” begins, where it joins the slate, and fully under- 
stands the faults of the slate veins themselves. What he can- 
not accomplish with his simple crowbar he will effect by the 
use of an explosive, exposing large masses or blocks of the 
fi ie st slate the world ever saw. These he loads into the box, 
whereupon he cries ‘‘slate!” and in less than an hour the 
miterial is transformed into plates to cover, perhaps, the 
roof of a public building hundreds of miles away in a distant 
Sta'e. Many of the workmen employed in the Monson 
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|a knife which is operated by steam power, the operator re- 

ducing the slates to the size to which they will work to the 
| best advantage, no imperfect ones being allowed to go from 
the quarries. The sizes manufactured at the Monson quar- 
ries range from 24 by 14 to 10 by 6, including some thirty- 
four different dimensions. The largest sizes are in demand 
for extensive public buildings. 


VARIOUS INTERESTING ITEMS. 


The number of men at present employed on the slate line 
at Monson is about 125, and this force will soon be increased, 
on account of the growing demand for the product. Con- 
sidering the times and the low prices, the men employed 
| here are well paid and have steady employment. 

The Hebron pit has produced since January 1 (to Aug. 31) 
some 3,500 ‘‘squares” of slate. The men employed in 
splitting and trimming the slates work on contract, receiv- 
ing a certain sum per “‘square” (which is ten square feet. 
The same men who split also trim to the measure. This sys- 
tem is also in vogue at all slate quarries, and it has been the 
practice in Wales for the past three hundred years. It is 
probable that the product of the Monson quarries, during 
the next six months will equal 15,000 ‘‘squares” of the 
best slate in the world. 


UTILIZATION OF WASTE MATERIAL. 


The “‘ flint” that is now thrown aside as rubbish, in the 
quarrying operations at Monson, is well adapted to several 
practical uses. For flagstones, street crossings, and door- 
steps, it would serve admirably, being very tough yet easily 
worked into any desired shape. The flint of the Pennsyl- 
vania quarries is utilized in this way, particularly in the 
cities of Philadelphia and Baltimore, and other large places 
within a reasonable distance of the slate quarries. 

Were the Monson quarries located within one hundred 
miles of Boston, their “flint ’’ rock would become very po- 
pular for the purposes mentioned, as it could be afforded 
at a low price, supplanting, perhaps, some kinds of stone 
now in general use which are less serviceable in their cha- 
racter. 

SLATE COMING INTO MORE GENERAL USE. 


We in this country do not use slate for roofing purposes 
so generally as is the case in Great Britain and other foreign 
countries, but we notice that of late years the article has 
come into favor in all our large cities and towns. Pratical- 


ly, in the long run, slates are more economical than shingles | 


or roofing purposes, because the latter have to be renewed, 
while the former will last as long as the roof that holds 
them. The difference in the cost of slates and shingles is 
not as wide apart as it used to be, the prices now almost 
touching each other. It is cne of the compensations of 
Providence or nature, that, while the belts of pine and spruce 
timber in the United States and in other timber-producing 
countries are producing less and less material for lumber 
with each successive year, the discovery and quarrying of 
slate almost 7 pace with the growing scarcity and in- 
creasing prices of shingles; and no doubt the day is not far 
distant when slate will be used as extensively for roofing 
purposes as is now the case with shingles. The economy 
gained by the use of slate comprises a wide scope. The 
material is a preventive against fire, thus finding favor with 
insurance companies; slates look neater on a roof than shin- 
gle:, and aslated house is more attractive and will sell quicker 
jand for more money than a shingled house. Respect- 
ing the 
SUPPLY OF MONSON SLATE, 
the vein is inexhaustible, and slate like that found in these 
quarries has not yet been equaled. A good roofing slate is 
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| latter, then it is absolutely necessary that a scale of all 
the tints that red wines assume should be crezted.. This is 
| precisely what all inventors of colorimeters have hitherto ne- 
glected to do. Such a scale would serve at the same time as 
an index to the names of the colors of all wines, thus allow- 
ing, for instance, a wine-grower to write to a dealer: 

‘* My wine of this year's vintage is of such or such a num- 
ber of the red scale, and its depth of color is represented by 
such or such a number.” 














J. SALLERDN 
Fic. 1.—THE TEST SCALE. 


The dealer, knowing the precise color demanded by his 
| trade, would thus be better able to judge of the value of the 
| liquor offered him. Is it possible, in the present state of sci- 
| ence, to catalogue the different colors of wine? This ques- 
| tion, M. Salleron, the inventor of a new and ingenious vino- 
colorimeter, answers in the affirmative. 

M. Chevreul has not only published a *‘ Method of Defin- 
| ing and Namiog Colors,” but he has also reproduced and 
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| so rare that the Monson slate, with its peculiarities, is a mat- 
| ter of great commercial importance; This slate must al- 
| ways be indemand. It is packed away in the immense vein | 
for a utilitarian purpose—to meet the coming demand for | 
slate for roofing purposes. The cost of quarrying it is com- 
paratively slight. In view of the actual scarcity of am} 
slate, the product of the Monson quarries is destined to be | 
much sought for. 
FOREIGN ROOFING SLATES. 


The rocks which yield the best roofing slates are no doubt 
the Cambrian and Silurian, although some is obtained from 
the Devonian and Old Red Sandstone. The most extensive 





wks are Welshmen whose experience in the slate busines 3 
ha; been acquired in the famous quarries of Great Britain, 
from childhood as it were. and whose fathers were engaged 
in the same business before them. With such intelligent 
workers, and proper machinery for manipulating the slate, it | 
is not to be wondned at that the demand for the article has 

been so great that the general agents. Clemeat, Higbee & 

Co., have orders far in advance of their supply. 


SPLITTING AND TRIMMING. 


Not the least interesting feature in the manufacture of 
roofing slates is the splitting and trimming processes. The 
large pieces of slaty rock brought up fro.n the depths are 


slate quarries in the British Islands are those of Penrhyn, | 
Llanberris, and Festiniog, in North Wales. In this district 
about 350,000 tons of slate are annually produced. At Bar 
rowdale, in Cumberland, and at Easdale and Ballabulish, in 
Argyleshire, there are also large slate quarries, as well as 
lesser ones about Dunkeld and many other localities. Until 
within a few years large quantities of Welsh slate were im-| 
ported into the United States; but since the development of | 
the American slates scarcely any Welsh slate is imported, and 





THERE IS A LARGE FOREIGN DEMAND FOR THE AMERICAN 
PRODUCT. 


For roofing purposes the Scotch slates are stronger but 


sometimes regular and sometimes oer wad in form, and of , coarser-looking than the Welsh, while the American Monson 
i 


various thicknesses. Those not fami 
making roofing slates, may have had an idea that the article 
was made by a process somewhxt similar to making shingles, 
by shaving or sawing them. The slate in bulk is run into 
the cutting and trimming sheds, as already intimated, where 
it is taken in hand by the workmen, whose great familiarity 
with the material enables them to decide at a glance how it 
can be manipulated. A wide, thin chisel in used in split- 
ting the slate into different thicknesses, and the ease, rapidity, 
and uniform perfection with which the slate in the form of 
plates is cleaved off is quite wonderful to behold, while the 
thoughts suggested io the observing mind by this simple 
process, lead one to speculate as to the number of million 
years that very slate has been lying embedded in the earth, 
now brought to the surface and split into unifor. parts, and 
exposed to the influence of the air and the sunshine to 
harden for a practical purpose in this year of our Lord 
1878. Really, all physical phenomena are surveyed through 
the glasses of the past. 


DESIRED SIZES OF SLATES. 


There have been improvements in the trimming of roofing 
slates as in every other department of indu:trial pursuit. In 
the early days of its manufacture, the slates were trimmed 
by hand, resulting in more or less variation of size, which it 
made impossible to lay a roof with the article with any de- 
gree of neatness or guarantee against leakage. The means 
employed by Clement, Higbee & Co. in producing roofing 
slates of exact uniformity in size, as well as in thickness, are 
complete and unerring in their character, so that when the 
slates are piled up they present all the uniformity of size 
that so much window glass would. The best of workmen 


ar with the process of | slate is superior to either for roofing purposes. 


It was the | 
custom for ships returning from Liverpool, after carrying 
there a load of cotton, to often stop at Bangor, Wales, for 
a load of slate from the quarries in its vicinity. But now a 
change has come in the slate business. Instead of ships 
bringing slate from Bangor, Wales, the article is now export- 
|ed from Bangor, Me., U. 8. A., either in vessels or by rail- 
|road. The coincidence of this, so far as the name of the 
oe is concerned, is remarkable, to say the least. The 

elsh quarries which were opened toward the end of the 
last century by Lord Penrhyn, and which now give employ- 
ment to as many as two thousand persons, and produce an 
enormous annual revenue, are destined, sooner or later, to 
find a sturdy rival in the Monson quarries; for we hear that 
inquiries for the Monson slate have already been made by 
parties in England and France, who, having detected the 
superior quality and fine, lasting luster of this slate, are-anx- 
ious to get it for buildings, both public and private. 


THE VINO-COLORIMETER. 


In order to determine the coloring power of wines, a 
matter which in France has considerable influence on their 
market value, various apparatus have been pro bear- 
ing the general name of colorimeters; none of these, hew- 
ever, have as yet attained the end in view and answered | 
the needs of commerce. The solution of the problem, in- | 
deed, presents some difficulties; all wines do not possess 
the same color, some being red, others more or less violet, | 
and the same wine in acquiring age assumes a yellowish 
tint called ‘‘ onion 1.” How, then, are colors so unlike 
to be compared? If all wines are not of the same 





are employed in this respect, and the trimming is all done by | of color, and it is impossible to determine the depth of the 





classified them. This classification, which may be seen at the 
carpet manufactory of Gobelins, contains eyery shade of 
color that art can called upon to reprodice. By com- 
paring with this the tints of the different varieties of red 
wines, M. Salleron has ascertained that the wines called blue 
(principally from the banks of the Loire) do not reach the 
scale of colors called by M. Chevreul ciolet-red ; and that old 





Fie. 4—THE VINO-COLORIMETER. 


stale wines that have lost their commercial value do not get 
beyond the 3d red. Between these two colors, violet-red and 
the 8d red, there are at the Gobelin’s ten intermediate scales 
that M. Chevreul names thus: 

Violet-red—\st violet-red, 2d do., 3d do., 4th do., 5th do. 

Red—tst red, 2d do., 3d do. 

These ten colors and their present designations form a true 





Fic. 5.—METHOD OF USING A VINO-COLORIME- 
TER, PROVIDED WITH A CONICAL SCREEN. 


vino-colorimetric scale, which is made use of by M. Salleron, 
not only to denominate all the colors of wines, but also to 
determine theg@ptensity of the same. His apparatus (Fig. 4) 
is as follows: 

A series of disks of satin ribbon, dyed exactly according to 
the types at the Gobelins, and each of which represents one 
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of the numbers of the scale above cited, is glued to a strip of 
card-board one above the other (Fig 1), from violet-red to the 
3d red. Alongside of these is glued another series of disks, 
each made of pure white satin. This is the test-se ale. Ac- 
companying this is a small vy -glass (Figs. 2 and agg 
of a silvered-copper cup, A B, with a glass bottom, ¢, into 
which enters a tube, ad, of the same metal, also cloned at 
the bottom by a glass disk, d. The separation of the two 
glasses is varied by means of a screw, so that on pouring 
wine into the exterior cylinder the thickness of the vinous 
layer between the two glasses varies likewise. In a word, 
this little apparatus is only a modification of the old color 
imeter of Payen, but its dimensions are much smaller, and 
the addition of the micrometer screw allows the thickness of 
the layer of wine to be measured with great accuracy. This 
colorimeter is fixed to a small support, 8 (Fig. 4), inclined at 
an angle of 45°. A second sny-glass like B, but having the 
glass disks stationary, is placed on the same support and 
alongside of the first, at the same distance apart as one’s 
eyes. The apparatus is used in the following manner: 

Into the cylinder with movable glasses (which is the color 
imeter proper) is poured a few cubic centimeters of wine. 
The apparatus is fixed to its support, and beneath this is 
slid the colored seale, GH. One of the red disks will be 
found opposite the cylinder with fixed glasses, and one of 
the white satin disks opposite the colorimeter, A, so that in 
looking through the two tubes at the same time, there will 
be seen alongside of each other two colored disks, one of 
which will be one of the tones of the scale, and the other a 
red tone formed by the vinous layer coloring the disk of 
white satin. By sliding the scale along until the color of the 
wine exactly coincides with the color of one of the disks of 
the former, the shade and its depth are at once determined. 


A COLLECTION OF THE OLD MASTERS IN PERU 


Te Temps contains the following curious letter, which gives 
an account of a remarkable collection of the old masters at 
Lima: ‘*‘ Who would believe that Lima, which has no mu 
seum of the tine arts, has, nevertheless, a private collection 
by the side of which many an European gallery would be 
colorless—a collection of more than eleven hundred paint- 
ings, the greater part of them signed by the noblest names 
of the Spanish, Italian, Flemish, Dutch, and French schools? 
Yet there is nothing more true than the existence of this ex- 
traordinary collection ; the proof is that I have seen it; and 
this is what I sew : In one of the oldest houses in the city 
there lives a hospitable gentleman, Don Manuel Zaballos. 
Whoever knocks at the door of his house is well received ; 
but I ought to say that generally none but strangers ever 
present themselves. The Peruvians seem to be ignorant of 
the Collection Zaballos, doubtless because they have none 
too much time to admire their female compatriots. 
In the first room are a hundred small Spanish and Ita 
lian paintings, perfect gems in their way. The master shows 
us, with a certain off-handedness, three admirable Murillos, 
and, although we are inclined to speak more at length of 
this Magdalen, this John, and this Descent from the 
Cross, he leads us into his Salon Carré and confronts us with 
a Zurbaran well known to, or at least much sought after by, 
connoisseurs—the Eestasy of St. Francis ; on the right are 
two superb Rubens, un the left a Van Dyck ; on every side 
hang haphazard, in tarnished and worm-eaten frames, Ra 
phaels, Claude Lorraines, and Paul Potters. In the next 
room is the same profusion of chefs-d’ceavre in the same dis- 
order ; the schools are a perfect jumble ; the subjects injure 
one another ; here and there the frames overlap; but. still 
here are the names of the same great artists. Before these can 
vases, blackened, smoke-discolored, ill-arranged, our doubts 
vanish: our feelings of astonishment and admiration are 
better guarantees of the authenticity of the signatures than 
the signatures themselves. Finally we enter a gallery where 
there are perhaps fifty paintings; the middle and the two 
ends are occupied by three paintings, three chefs-d’euvre— 
the Communion of St. Jerome—‘ But,’ you will say,’ you are 
poking fun at us, my fine fellow; the Communion of St. 


Jerome by Domenichino is in the Vatican: every one has 
seen it there, every one can still see it there. Because you 
are in Peru you think ‘—Pardon, in my 


you can tell us fine 

turn; I am very sorry for the Vatican, since the Communion 
of St. Jerome which is there is only a copy of the original, 
which is here. Do you wish a proof-of what I affirm? Look 
at the Death of St. Jeromé, at the other end of the gallery, 
by the same Domenichino, which has never been copied, as 
far as I know, and you will agree that it is difficult to be de- 
ceived when you have before your eyes two St. Jeromes in 
the same tone and almost in the same attitude. Let us move 
on. Here again is the first of Raphael's virgins; here is a 
battle piece by Salvator Rosa, as fine as that in the Louvre; 
three (life-size) equestrian portraits by Velasquez; some 
Tinttoretos, at least as fine as those in the Ducal Palace at 
Venice. Next is a complete collection of the Flemish 
School, with Teniers, Van Ostades, Gerard Dows enough to 
excite the envy of the Museum at the Hague; there are, be- 
sides, three Rembrandts. Whoever would study the Spanish 
school, too littl known, would do well to come here to 
study it. He would see here a Cano, that Spanish Michael 
Angelo, representing the Birth of Christ, where each figure 
is a complete picture in itself. There is not a great name 
which is not represented by two or three canvases, not a 
picture which is not full of life, movement, passion. In 
short, we leave this house wonder-stricken, enchanted with 
our discovery, and envious of Don Manuel’s good fortune in 
being able to study these masterpieces at all hours. But be- 
fore we leave him, he surprises us once more. Taking from 
an old Louis XIII. bureau a sheet of yellow paper, he says, 
‘Tam always grateful to the strangers who come to see my 
paintings, but I only preserve the names of those of my fel- 
low-citizens who visit me. Here is a list begun six years 
ago, and see, there are not yet fifty names !’” 


Luminous Draus.—M. Recordon, a Parisian clock manu- 
facturer, makes known the fact that for two years he has 
constructed watches and clocks with luminous faces on a 
pian, patented by him, which does not involve the use of 
phosphorescent substances. It consists in passing an electric 
discharge through a Geissler tube filled with a gas which 
yields a bright Hight. For watches, the battery, one of 

rouvé’s thimble forms, is 1 
coil, hung at the watch chain. Pressing a spring completes 
the circuit and illuminates the dial. 


FLAME Ligatnine.—A flash of lightning Membling a CO- 
lossal candle flame, based on the horizon and surrounded by 
a fainter aureole, was recently observed in the province of 
Rio Janeiro, Brazil. 


, together with a small induction | 
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WRITER'S CRAMP AND “ALLIED AFFECTIONS. 
By Georce M. Bearp, M.D., New York.* 

Dunene the past few years I have been specially investi- 
gating the disease known as writer's cramp and affections 
allied to it, as telegrapher’s cramp, musician’s cramp, and the 
cramp of sewing-women, and others engaged in occupations 
that draw so severely and exclusively on certain muscles as 
to induce weakness of those muscles and of the nerves that 
supply them. 

hese investigations have been pursued in various ways— 
by the study of cases in my practice; by conversation and 
correspondence with physicians from all parts of the country 
and other countries; by consultation with physicians in re- 
gard to cases, and by circulars of inquiry that have been no 
ticed in various journals and brought to the attention both 
of physicians and the sufferers from the disease. he in- 
quiry has extended to England, Germany, and Australia. 

The conclusions at which [| have arrived, stated in the most 
condensed manner possible, are as follows. I present the 
results without argument or discussion, reserving the details 
for a subsequent occasion, and shall here confine myself to 
those facts that are more or less novel and unfamiliar, and 
of the greatest scientific and prac tical interest. 

The main results can be stated in these eight propositions: 

‘irat.—What is called the cramp is but one of a large 
number of the symptoms of this disease, and no two cases 
are precisely alik 

There are at least fifteen or twenty other symptoms of 
this disease. The recognition of these symptoms, especially 
in the early and premonitory stage, is of the highest mo- 
ment, for the reason that in the early stage the disease is 
curable. 

The cramp in those cases, where it appears, is oftentimes 
one of the later symptoms, and bears much the same rela- 
tion to the disease that the symptoms of the ataxia gait bears 
to the disease locomotor ataxy. In some cases there is no 
cramp from first to last, and in all cases the cramp is pre- 
ceded or accompanied by other symptoms. 

The list of symptoms of writer’s cramp is as follows: 1, 
fatigue, exhaustion; 2, dull, aching pain; 3, nervous, irri- 
table feeling; general nervousness; 4, trembling, unsteadi- 
ness; 5, cramp, spasm, jumping, twitching, rigidity, con 
traction of muscles (In some cases the pen is involuntarily 
hurled at a great distance, as across the room); 6, stiffness 


and tightness; 7, powerlessnes, helplessness; 8, numbness, 
areas of anwsthesia, tingling; 9, neuralgia; 10, burning, 


stinging, dancing, prickly feeling: 11, soreness; 12, throb- 
bing and swelling feeling; 13, thrilling, running, electric 
sensations; 14, tightly-bound feeling of wrist; 15, coldness; 
16, abnormal sensitiveness to touch or cold, or mental influ- 
ences; 17, disinclination to write; 18, slowness in writing; 
19, itching; 20, perspiration; 21, temporary aphasia; 22, 
dryness of the joints; 23, swelling of the wrist and hand; 
24, actual panekyel; 25, abnormal grasp of the fingers on 
the pen-holder or pencil—a very common symptom; ten- 
dency of the fingers, especially the middle one, to slip out 
of their places on the pen-holder, creating a desire by the 
sufferer to moisten them to prevent slipping; bearing down 
on the paper with unnatural or unusual pressure. 

Many of the above symptoms are not confined to the hand, 
but extend to the forearm, arm, shoulder, neck, to the oppo- 
site arm, and over the whole body. It is clear, therefore, 
that the term writer’s cramp isthe worst possible misnomer, 
and that the disease has been most imperfectly understood in 
medical literature. It is wise, however, to retain the term 
both in scientific and popular circles, for in the prospective 
state of our knowledge no term capable of including pre- 
y and exhaustively all the phenomena of the disease can 
When any disease is designated by a term 
that is at once short, familiar, and easily retained, it is not 
well, as a rule, to attempt to displace it. To name diseases 
from prominent and special symptoms, and real or suspected 
factors in their causation is, during certain stages of medical 
progress, both natural and inevitable, as is illustrated by hay- 
fever, epilepsy, hysteria, insanity, neuralgia; and to attempt 
to substitute terms hased on imperfe ct and changing know- 
ledge of pathology, to heighten the confusion that we 
would remove. 

Secondly.—Also in the other forms of professional cramp, 
as that of telegraphers, musicians (violinists, organists, pi- 
anists, harpists), sewing-women, painters, artists, dancers, 
hammer-palsy, and so forth, the cramp is but one of a number 
of symptoms, and by no means always the most important 
symptom; and, as in writer’scramp, there is frequently no 
cramp at all from the beginning to the end of the disease. 

There is no one symptom of the disease that can be said to 
be diagnostic. It is by taking a survey of all these symp 
toms, and by studying them in their relation to each other 
and to the history of the case, that we are able to make out 
the diagnosis of writer’s cramp, or any of those allied dis- 
orders. This rule applies to the entire nervous system; there 
is not a disease known to neurology that can always be diag- 
nosticated by any single — all the familiar disorders 
of the brain, of the spinal cord, or of the peripheral nerves are 
studied not through isolated phenomena, but through groups 
of phenomena, acting and reacting on each other; pathogno- 
monic sy mptoms belong to lecture-rooms and text-books, not 
to prac tical e xperienc e.¢ An analogous disease, that has not 
been described, is the counting-money cramp, from which a 
lady-clerk in the Treasury Departme nt at Washington once 
suffered; it is caused by excessive and restricted use of the 
fingers in handling bills. 

Thirdly.—This disease is primarily a peripheral and local 
disease of the nerves and muscles; secondarily and rarely it 
becomes central and general, or it may result from various 
central lesions; and it may affect any point between the ex- 
treme periphery and the center. 

This view of the pathology is a compromise between the 
old view that it was central, and the theory of Poore, of Lon- 
don, that it is purely peripheral. 

No two cases are precisely alike in their pathology, but 
there is no question that in some exceptional cases the disease 
extends to the centers. That it affects the left hand as well 
as the right is no proof that the disease is central; it simply 
develops to the left hand when that hand is used, for the same 
reason that it affects the right hand. 

The theory that writer’s cramp is a result of lesion or dis- 
turbance of special co-ordinating centers in the brain is not 
sustained by a single properly-understood fact; on every point 


cisel 
be suggested. 


is 





* Read before the Medical Society of the State of New York, Feb. 5, 
1879. Medical Record. 

+ Ataxy, for example, was formerly diagnosticated by inability to stand 
with closed eyes. by the ataxic gait and by the electric pains; and more 
recently an unsuccessful atte mpt has been made to prove that the absence 
of the tendon-reflex is a sure sign of that disease. There was no need of 
experiment to disprove this clam; the physiolocy and pathology of the 
nervous system are now in a condition, where we are able to prove de- | 
ductively—without examination— that all such claims of path 
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it fails t to account for and harmonize the phenomena. So far, 
my own conclusions are in entire accord with those of Dr. 
Poore, of London, who has investigated this subject most in- 
telligentiy and successfully. * 

In truth, the detailed pathology of writer’s cramp is not 
simple but complex; in some cases there is neuritis which 
may affect a single nerve branch or several nerve branches, 
and may be restricted to the fingers and hand, or extend up 
the forearm and arm; then the muscles may be merely ex 
hausted—chronicall fatigued—or with a tendenc y to spasm 
and contracture. he worst phase of the disease that | ever 
saw was in 1874, with Dr. Brodie, of Detroit; in that case the 
arm was drawn over to the back, and held firmly there by the 
contracted muscles; the patient was unable to use his hand 
for any purpose, and also suffered great pain. 

In some cases the disease, or rather the tendency to the 
disease, is hereditary—two or three cases having been known 
in a single family 

Fourthly.—This disease occurs mostly in those who are of 
strong, frequently of very strong, constitutions, and it is 
quite rare in the nervous and delicate; and when it does oecur 
in those who are nervous, is easier relieved and cured than 
when it occurs in the strong. 

This fact is not peculiar to writer’s cramp, but applies to 

other nervous diseases, as impotence, muscular atrophy, and 

araxy. I see eve Ty day cases of nervous exhaustion (neuras- 
thenia) in its various forms, and quite rarely do I see writer’s 
cramp in them; and when they do have this disease, it is 
mild and curable. I have successfully treated a rumber of 
these cases. 

Fifthly.—This disease is far less likely to occur in those 
who do original work, as authors, journalists, composers, 
than in those who do routine work, as clerks, book-keepers, 
copyists, agents, and so forth. 

The reason is clear. Original thinkers must take time for 
thinking as they write, and thus they rest the nerves and 
muscles of the hand; while routinists, having little or no 
thinking to do, write on constantly and uninterruptedly, 
oftentimes at the extreme of their speed. 

In some cases an attack of writer’s cramp has followed a 
single task of long copying. In one of my cases—an au 
thoress—there never had been any sign of the disease until 
she performed a task of routine work. Of my cases eight 
were physicians, eight were lawyers, five were clergymen, 
and the remainder were clerks, book-keepers, agents, c opy 
ists, and merchants. 

Men who write bad, scrawly, illegible hands never have 
writer’s cramp; it is the penalty for writing plainly and care- 
fully. Like prevents like, and those who always write as 
though they had writer’s cramp never have it. 

Sixthly.—This disease, like all nervous diseases 
country, diminishes in frequency as we go South. 

In the Gulf States writer's cramp and maladies allied to it 
are veryrare. The same is true of hay-fever, which is a type 
of nervous diseases, and, indeed of the whole family of 
functional nervous maladies, such as sick-headache and neu 
rasthenia, or nervous exhaustion in all its manifestations. 

In investigating this subject I have corresponded ~ con- 
ferred with physicians all throngh the South. Dr. Bryce, 
Superintendent of the Alabama Insane Asylum, Tuscaloosa, 
whose opportunities for observations have been very large, 
has written me a very interesting letter on this question. 

Seventhly.—W riter’s cramp is no longer an incurable dis- 
euse, 

In the early and forming stage, especially, it responds to 
treatment quickly, and in many cases permanently. During 
the stage of exhaustion, fatigue, and pain, with the other 
symptoms of numbness, neuralgia, irritability, trembling, 
powerlessness, soreness, coldness, stiffness, and so forth, this 
disease can be treated as satisfactorily as almost any other 
form of nervous disorder; and, even when cramp or spasms 
of the muscles have appeared, it may be entirely cured. 

In the later stages, after the symptoms have existed for 
years, the malady may become absolutely hopeless, even 
though the patient abandon his occupation. I have seen 

vases that have been afflicted for over a quarter of a 
conten. 

One striking case of this kind I had opportunity to see 
through the courtesy of Dr. W. C. Wey, of Elmira, N. Y. 
Both bands were affected, and the numbness and powerless 
ness were so marked that sometimes a newspaper that he was 
reading would drop to the floor. The whole body seemed, 
indeed, to have been disturbed, and he had been obliged to 





in this 





give up his position as cashier of a bank. 
In all these cases, the prognosis is better in nervous and 
delicate patients than in those who are phlegmatic and 


strong. 

Kighthly and lastly.—The treatment of writer’s cramp 
affections allied to it consists: 

1. In the use of electricity locally applied. Both galvanic 
and faradic currents may be used—preferably the former. 
In some cases galvanization of the spine and neck, and what 
are called spinal-cord nerve-currents, are indicated. Strong 
gaivanic currents, with metallic electrodes, I have used with 
advantage in some cases where mild currents seemed to do no 
good. he wire brush with the faradic current I often use, 
and in some cases electro-puncture. 

The relief of pain and fatigue that follows these electrical 
applications is immediate and uniform, and most grateful to 
the sufferer; and this temporary effect can be obtained even 
in the worst cases. I have not yet been able to demonstrate 
any very marked advantage from the rhythmical move- 
ments of the muscles in connection with the electrical ap- 
plications. 

2. Hypodermic injections of atropine, strychnia, dubvisia, 
Fowler's solution, and other tonics, narcotics, and sedatives. 
These remedies need often to be gradually pushed to their 
physiological effects. Electricity and hypodermic injections 
combined have made an epoch in the treatment of writer’s 
cramp. The evil effects of hypodermic injection are guarded 
against by care in preparing the soiutions, by dilution of ir- 
ritating substances, by moderately deep puncture, and by sub- 
stituting other treatment in those cases where, from any con 
stitutional tendency, suppuration is easily excited. 

3. The internal use of calabar-bean, ergotine, iodoform, and 
in some cases of nerve food, as oil and fats. It is useless in 
the majority of severe cases, to dally with mild remedies or 
ordinary tonics. 

4. Massage, or systematized kneading and manipulation 
of the muscles, with friction, and pinching, and pounding 
of the skin, and passive movements of the joints, large and 
small. 

Dr. Douglass Graham, of Boston, has used this method 
with very encouraging success. I now employ it in all my 
cases. ‘The whole arm should be treated. 

5. The use of dry heat and dry cold, by rubber bags con- 
taining hot water or ice. These may be used alternately. 


and 





symptoms. however reliable they may be as 
' iNogical and unscientific. 





aids and accessories, are | 
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portion of the spine, or along the course of the affected 
nerves and muscies. 

Rest alone, even long abstinence for many months from 
writing, will not cure writer’s cramp, as has been proved by 


the experience of many cases. The best results I have ever | very soon the hand becomes wearied. 


had have been made with cases that kept right along with 
their occupation—although avoiding excessive work—with 
the aid of mechanical appliances. 


Among the hygienic devices for the relief and cure of 


writer’s cramp are the following: 

1. The device for holding the pen—a ring pen-holder—so 
as to relieve the thumb and fingers. An excellent arrange- 
ment of this kind has been perfected by one of my patients, 
By this contrivance the thumb is allowed perfect rest, and 
the index finger and second finger are united by rings so as 
to make practically one finger, which is attached to the pen- 
holder. The over-use of the muscles most liable to be in- 
volved in writer's cramp is thus avoided. The gentleman 
who perfected this ring pen-holder was himself substantially 
cured of a bad form of writer’s cramp by its use in connec- 
tion with electrical and other treatment, as above described. 


pation, although troubled at times with symptoms of weari- 
ness. He kept right on with his occupation during treat- 
ment. 

2. The type-writer. This ‘instrument is destined to be of 
great practical service to writer’s-cramp sufferers, as well as 
to those who, though not having the cramp, are made nervous 
and locally tired by the mechanical labor of writing. Dur- 
ing the past year I have made many experiments with this 
instrument, and studied carefully its relations to the nerv- 
ous system, in order to determine these points. Unfortu- 
nately, book-keepers and those who write very short notes 
or messages and signatures cannot profit by the type-writer; 
but for those who write continuously the instrument is an 
almost perfect relief. After some instruction a reasonable 
degree of skill in its practical use can be obtained during 
the play-hours of two or three months. 

Thurber’s kaligraph, now almost forgotten, was an inge- 
nious contrivance for writer's cramp-sufferers; but it is now 
superseded by the two inventions just noticed. 

3. The use of large pen-holders, so that the muscles may 
be less restricted; fastening a piece of sponge to the pen- 
holder, so as to rélieve the pressure of the fingers. One of 
my correspondents writes me that he used this device for a 
year. 

" 4. Holding the pen between the different fingers, thus re- 
lieving the thumb and index finger. One of my medical 
friends finds great relief by this device. 

5. The use of quills and very flexible pens, and pens with 
very broad points, so as to run easily like quills. Some 
pens have been sent to me from Germany that are made 
with this special object in view. The use of the lead-pencil 


is alsoa great relief. The mica pen and the Esterbrook | 


stub-pen are worthy of trial. 


6. Frequently changing the pen and the pen-holder and | 


style of pen, so as to change the mode of action of the mus- 


cle. Dipping the pen for ink is usually regarded as an evil, | 


but it doubtless saves many of us from writer’s-cramp. 

7. Changing the position in writing, as from sitting to 
standing, or holding the paper in the , ae These methods 
of relief are to be commended, especially for those who are 
just beginning to have the symptoms of the disease, who 
are yet in the stageof exhaustion. It is a mistake to always 
try to point the pen toward the right shoulder. When ut- 
terly tired out, it is well to stop entirely. 

8. The avoidance of faulty and painful methods of writ- 
ing, and the study of easy, natural methods. A person who 
writes a cram and stiff style, no matter though it be a 
legible one, is a fair subject for attack, especially if writing 
occupies most of the time. This factor is of great impor- 
tance. An eminent author and journalist is accustomed to 
put his pen in the pen-holder at an angle of several degrees 
backward, and thus is able, as he tells me, to write consecu- 
tively over forty words a minute. 

9. Writing with the left hand. Out of eighteen cases that 
tried this plan, three failed utterly, six were partially sueces- 
ful, and nine were completely successful. In the six par- 
tially successful cases the disease either appeared in the left 
hand, or after a time showed a tendency to appear there. 
At the beginning of the disease, educating the left hand may 
be of itself sufficient for a cure. 

10. The use of various gymnastic and athletic exercises, 
as rowing, paddling, and so forth. In some cases the suf- 
ferers are unable to do many other kinds of work; carrving 


bundles or turning door-knobs hurts them just as writing | 


does; but such cases are exceptions. 

Speed of Hindwriting.—In the study of this subject, I 
have mide many experiments with a view to determine the 
average speed of handwriting. I find that between twenty- 
five and fifty words are written in a minute by those who are 
accustomed to write, the average being perhaps about thirty 
words when no time is lost in thinking or dipping the pen. 

The method of experimenting that I have adopted is, to 


have the subject experimented on write something with | é . 
|comes unsuited for plantfood. It is also held so firmly by 


which he is quite familiar—words of all lengths—for one 
minute. Practically, no one writes steadily as fast as these 
experiments would indicate, for, after a few moments of 
writing at the very top of speed, there will come to the ma- 
jority a weariness; then the delay of composition also inter- 
eres, 

These experiments were made with lawyers, physicians, 
clerks, book-keepers, scientists, and men of letters. Mr. T. 
A. Edison, the inventor, is also an expert in handwriting, 
and I have made with him a number of experiments in 
order to test the rate of speed of different varieties of pen- 
manship. When he writes slowly and with care—from fif- 
teen to twenty-five words a minute—Mr. Edison’s handwrit- 
ing is phenomenally clear and beautiful, resembling copper- 
plate printing, not in a flowing, but in a cramped hand, the 
letters being often separated as in print. When he rises to 
forty words a minute, the writing is still more cramped 
and less beautiful, though yet legible; with forty-nine words 
4 minute, his writing is quite illegible. 

I find that journalists write with a lead-pencil—which, as 


a class, they generally use—from forty to fifty words a mi- | 


nute. Experts on the type-writer, according to my experi- 
ments, can print for a short time at dictation from seventy- 


five to one hundred words a minute; but in practice, very | 


few of those who use the instrument put down on the ave- 
Tage more than half that number. 

A number of years ago a man attempted on a wager to 
make witha Ee an enormous number of up and down 
strokes—a million, I believe, within a month or less time. 
Swelling of the hand and wrist, with severe pain, so an- 
noyed the experimenter that it was nece for some one 


to stand near him and pour on cold water and apply various 
ions. In this cramped and continuous movement and 


6. “The actual cautery and very small blisters to the upper | tension of muscles is found the philosophy of all these forms | and 12%¢ bushels respectively. Now the first year of trial, 


| conclusions in regard to treatment apply to the other forms 


|of professional cramp, as that of telegraphers and musicians 


He is a book-keeper, and can now follow steadily his occu- | violinists, organists, pianists, and harpists; also to the 





|finger on the sending instrument. The malady is quite a 


| the button on which the finger presses in sending. This de- 
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of professional cramp. I have made some experiments with the increase was but 5 bushels; the second season, 9 bushels: 
myself in order to ascertain just how many single discon- the third season, 9 bushels; the fourth season, 18 bushels; 
| nected up and down strokes | could make with a pen; and the fifth season, 11 bushels; the sixth season, 12 bushels; the 
find that from 175 to 200 a minute is about the limit, and first twenty years, 16 bushels; the twenty-four years from 
A friend of mine, 18562-1875, 20 bushels; the thirty-two years fromi 1844-1875, 
connected with the surrogate’s office in this city, tells me 181g bushels; all of which goes to show the time required 
that the clerks in that department sometimes complain of for the full effect of the application to be felt on the land. 
swelling of the wrist from over-writing. If we take the analysis of dung, we find the following 

Mr. Edison, whose amazingly fertile mind is constantly correspondences between the application of fertilizing ele- 
| making original suggestions even in departments quite re- ment and the removal in crop’s increase— 


mote from his own, showed me not long ago the following Annually applied Annually removed 


| fundamental experiment. A small rod of steel or iron, or in dung. in crop’s increase. 

/other hard substance, about one-third of an inch in diame- oe straw. 
ter, is held very firmly between the thumb and forefinger of | 1844 bus. 282,110 Ibe 
| the left hand; very soon there comes a pain in the abductor Nitrogen esterase 144 Ibs. 28 
‘of the thumb, which may be unbearable. This position is a Phosphoric acid. 98 “ 14“ 
familiar one to manufacturers of electrical apparatus, since Potush....... --217 “ 164 “ 


it represents their method of winding wire on bobbins. Assuming what is not the fact, that the straw bore the same 
, btn’ —The . ; proportion to the grain the first season as afterwards, we 
Ripupher’s endmuniian'e wang, — Tie shave preaie would have for the first year the removal of but 5-181¢ or 
10-37ths of the amount of fertilizing element as shown in 
the table, from the first year’s application. 
cramp of artists, painters, engravers, and sewing women. — What conclusion, then, must we draw from this state- 
Telegraphic operators have two forms of cramp—the ordi- ment ? First: That in round numbers, a ton of ordinary 
nary writer's cramp, from receiving and writing out mes- barn manure is equal to the production of about one bushel 
sages; and true telegrapher’s cramp, from striking the index Of wheat (really in this case 15°6 tons of first-class dung 
a produced 184¢ bushels of wheat, or 1°2 bushels per ton.) 
Second: That under the conditions that exisited in this long 
experiment, but about 1-5 of the nitrogén applied was re- 
covered in crop increase; but about 1-7 of the phosphoric 
vice is, I understand, but partially successful. acid; and but 1-13 of the potash. Third: That it is only 
Musicians, when afflicted with cramp, have the same through the continuous application of the dung that the 
symptoms as writers, and are likely to suffer in both hands, ™aximum effects were reached. pee 
although one hand may be affected quite differently, from _ Let us suppose now that these elements of fertility that 
the other. In one case that 1 saw through the courtesy of We have considered were applied ina form in which they 
Dr. Webber, the right hand, on beginning to play, showed would come more readily in contact with the roots, as in 
contraction of the muscles of the thumb and index finger, artificial fertilizer form. We have in Mr. Lawes’ exhaustive 
with a tendency upward; while in the left hand, at the same experiment matevials to ascertain this point also, and here 
time, the second and third fingers were firmly fixed into the 8 What is shown on the same field: 


common one among telegraphers; and an attempt has been 
made to reduce its frequency by the use of a rubber cap on 


hand the little finger only is disturbed. f 
often comes from stretching the hand in playing octaves. 





| Were 80 wea 











back of the hand. 


tigue. ry Pa 


AGRICULTURAL PLANT FEEDING. 
Ir we assume the use of seed of the best variety grown, 


and the exercise of the proper intelligence in the operations 
of culture, and seasons favorable on the average, what are 
the true methods of plant fertilization for the farmer to pur- 


sue? 
All experience says, To feed the plant. But how? In the 


haphazard way so common throughout the land, of putting 


on a given amount of dung, the complete fertilizer of the 


farm, of buying so many pounds of superphosphate to apply | 
to the soil, of using muck, or salt, or marl, or any of the nu- 
merous substances of commerce, without regard to the effect 


that it is desirable to be produced, or without reference to 


the value of the crop and the application? The practice 


which is to bring suecess to the farmer is that one which 


brings certainty with use; which reduces waste to the mini- 
mum; which allows of the largest net profits; which renders 
the farmer independent of home resources which are ‘fixed 


in their amount. 


The plant feeds upon the soluble material in the soil, of 
which but three elements, as we have noted, require to be 


supplied; and very probably ir most instances but two, ni- 


| trogen and phosphoric acid. The former in ouragricultural 


condition passes readily through the soil with the soil water, 
and thus can readily come into contact with the feeding sur- 
faces of the plants—the roots—and can in the presence of a 
sufficient rainfall be washed from the land and wasted. 


Hence, nitrogen is not available to the plant to the extent of 


its supply, except under certain conditions which include its 
retention in the soil, and its presence in contact with the 


|roots. It feeds also on soluble phosphoric acid, and this is 


so firmly retained in the soil that it does not practically es- 
cape, but, on the other hand, it changes its form and be- 


even thin layers of soil that it is with difficulty caused to 
armeate the extent of the root-pasturage of our plant. 
ence, difficulties in the practical use which require a care- 

ful study and fitness of conditions in order that the plant 

shall receive this food and return it again to the farmer. 

As farmers, we are concerned with the science of plant 
fertilization as interpreted from the standpoint of practical 
farming, and all these points we have suggested are of a di- 
rect importance to the farm practice, and may be iterated, as 
convenient, with advantage to the subject, however their re- 
lations to the writer. E 

Agriculturally speaking, the plant feeds from the soil. 
Through the agency of the roots, it absorbs soluble material 
from the soil interstices, and transfers this material to its 


| various destinations, where it becomes manufactured through 
the agency of the plant life into —a material. It is, 


therefore, only the soluble matter of the soil, and that which 
comes into contact with the rootlets, which is directly avail- 
able to the plant. Hence—and here is a most practical con- 
clusion—of the fertilizing material supplied to the plant, 
only that which is directly brought into contact with the 
plant is immediately available. In the application of dung, 
a bulky substance, the effort of the farmer must be to tho- 
roughly incorporate with the soil, so as to secure all the 
chances possible for contact with the roots. To just the ex- 
tent that this is accomplished, is the efficacy of dung as plant 
f Thus, to illustrate: In Mr. Lawes’ experiments on 
wheat for a series of years in the Broadbalk field at Rotham- 
stead, the field received fourteen tons of barnyard manure each 


hollow of the hand, so that they could be opened only with 
great difficulty. In a case now under my care, the right 
hand is affected in precisely the same way, while in the left 

This form of trouble 


In another case the third finger of the right hand is raised 
involuntarily while playing; and in an organist now under 
my care there is simply stiffness and pain in the interossei 
between the third and little finger, and anesthesia of the 
In the case of a very eminent violinist 
the muscles of the left arm and forearm, and also the fingers, 
k and exhausted from long holding the violin in 
| position, that he had to abandon his profession. 

I have succeeded in curing a long-standing case of 
pianist’s cramp, where the symptoms seemed to depend on a 
neuritis, excited originally by exposure to cold in bathing, 
and made worse by severe practice at the piano. In this 
|case there had been great uneasiness, and even severe pain 
after playing, and he had abandoned his profession. He 
is now able to play several consecutive hours without fa- 


The application was 400 lbs. ammonia salts, 392 Ibs. super- 
phosphate, and 200 Ibs. sulphate of potash. The crop in- 
crease was 18 bushels the first twelve years; 19 bushels the 
last twenty-four years, the average increase being 19%4 bush- 
els of grain, and 2,324 Ibs. straw for the last twenty-four 
_— and about 10 bushels of grain, and 1,827 Ibs. of straw. 

et us form a new table wherein we can com the relative 
amounts of fertilizing substances applied removed with the 
crops, taking the last 24 years for our figures. 


Applied. Recovered in increase. 
In In From From 

dung. chemicals, dung. chemicals 
Nitrogen.......... 144 lbs. 90 Ibs. 32 Ibs. 29 Ibs. 
Phos. acid ....... 98 “ 65 (2) 64 “ 6} ** 
FUMED \ cieieccs 217 4 100 “ 183 “‘ 17} “ 


Proportion recovered. 
From dung. From chemicals, 


I ins + 00000000 22 per cent, 32 per cent. 
Phos. acid. ....... bauitine 7 - a 
POE, <0. 202500 wis per ee < 1%? 


A table showing the advantage to be gained from 
the use of chemicals in wheat growing over the same mate- 
rials — in dung, and owing in large part to the differ- 
ence of form as influencing bringing into contact with the 
absorbing roots. 

In conclusion, we find it unmistakably evident that not 
manure nor fertilizer, as names, concerns the farmer, but 
the getting of plant food to the plant, and that the form in 
which plant food occurs is worthy of our careful considera- 
tion. —Setentific Farmer. 


TREE CULTURE. 


Tue Secretary of State has received from T. B. Baker, 
editor of the Topeka, Kansas, Commonwealth Assistant Com- 
missioner to the Paris Exhibition, his report on forestry, 
which instead of including a bare narrative of forest pro- 
ducts, implements of forestry, etc., at Paris, gives in concise 
form the general information derived from an examination 
of the exhibits of this class, and also a general idea of the 
system by which in European countries, under difficulties un- 
known in America, the signs of forestry have been fostered, 
anew and well-nigh perfected.. The report says the time 

as happily passed, it is to be hoped, when throughout the 
United States trees are considered incumbrances of the soil, 
to be got rid of by the most wasteful and destructive me- 
thods possible. There is now as much anxiety felt for the 
reforesting of our bare hillsides as once was felt for stripping 
them of the last vestige of covering 

Yet when our people consider the area thus deforested, 
and in addition the vast prairies of Kansas and other Western 
States, themselves treeless, and creating in the course of set- 
tlement a demand for the destruction of countless acres of 
the fine forests of Wisconsin, Michigan, and Minnesota, the 
American unacquainted with any system of forest culture, 
unaccustomed to any State or Federal legislation on the 
subject, is apt to exclaim, ‘‘ Who is sufficient for these 
things?” 

EXHIBIT OF WOODS, 


The report here contains an interesting review of the for- 
estry exhibit made in the Challet, near the administration of 
forests at the Trocadero, and in the construction of which 500 
varieties of woods grown in France were used. Also, con- 
taining the geological and entomological collections made by 
the school of forestry, and models representing the reforest- 
ing of mountains. This exhibit was extremely interesting in 
all its details, showing the transformation of hoes rocks into 
thrifty wood-lands. 

Next to that of France was the exhibit of the botanical di- 
vision of the department of agriculture of the United States, 
including sections of the principal forest trees (three hun- 
dred pieces) and flowers. e Oregon State exhibit included 
a cabinet composed of twenty-five thousand pieces of wood 
from her own forests. 


FORESTRY LAWS IN FRANCE. 
As early as 800 A.D. the first steps to proteet the forests’ 


of France from destruction were taken. In 1280 an ordi- 
nance was passed under which a corps of. officers in chenge 
of forests was egeetess, and in 1669 Louis XIV. codified t 
| entire system of la 
| terests of the kingdom menaced by the destruction of the 
forests. Every 
| and the woods of private persons themselves were subjected 
to restrictions judged indispensable to assure their preserva- 
year, and yielded an average annual crop of 353g bushels of tion. The hunt, the eng / and ig fact rtain- 
wheat for the first twelve years, and 35 bushels for the second | ing to the administration of f 


ws and took measures to protect the in- 
mountain was administered by masterships, 


orests were also con to the 
rships. 


twelve years, the unmanured portion giving 124¢ bushels | vigilance of officers of the maste: 
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This superior right of protecting forests whose preserva- | 
tion has, from all time, been recognized as necessary to the 
existence of civilized society, has been claimed by all gov 
ernments which have succeeded ancient monarchy in 
France 

In 1801 the woods and forests were divided into twenty 
seven conservations. At the present time the forest depart- 
ment is one of the principal bureaus of the French govern 
ment. There are forestry schools where pupils are trained 
in all the sciences. The graduates are compelled to serve as | 
foresters. The same discipline prevails as in the army, and 
the profession of forester is as much so as an officer in the 
army 

There is a list of penalties for injuring trees, sealed ac 
cording to the class, the first class consisting of oaks, beeches, 
yoke elms, elms, ashes, maples, pines, fir, larches, chestnuts, 
jote trees, walnuts, service or quick trees, and other fruit 
trees; second class, alders, birches, aspens, poplars, willows 
and other species not comprised in the first class 

THE PENALTIES 

for cutting or carrying away, with aggravating circumstan- 
ces, that is to say if the offense has been committed in the 
night time, or with a saw, or by a delinquent who has been 
guilty of the same before, or if the offense has 

mitted by a delinquent with the aid of a saw who has been 
guilty of the same offense before, the penalty is fine and 
imprisonment. The forests of France comprise 9,187,304 
hectares, of which 967,118 belong to the state, 2,090,788 
to the communes, or parishes and public institutions, and 


been com 


ABERDEEN 


The statistics of consumption 
in 1877 to have been 


6,129,398 to private parties 
show the value for all purposes 
$40, 000,000. 


THE CORK OAK 


As the cork oak can be cultivated in the United States, the 
report says that it grows in Algiers, in Corsica, Spain, and 
Southern France. At fifteen years the tree furnishes a coarse 
oak, from which buoys and Spanish black are made. The 
cork, which is collected every ten years, is of good texture. 
Forty parishes are occupied in the manufacture of corks, and 
the demand is constantly increasing 


SWEDEN AND DENMARK. 


In Sweden the forests are under immediate administration 
of the state, and increases year by year by the purchase of 
—— forests or their separation from farmed state lands. 

n 1876 the public forests gave a net receipt of 1,093,479 
crowns. The forests are under the skogstymisen of the 
Finance Department, and under the direct care of employes 
and agents of the forest service. There is a high forest 
school in the Royal Park at Stockholm, with professorships 
of forest economy, natural history, chemistry and physics, 
forest legislation and administration, and political economy. 
There are forty pupils, of which eleven are Norwegians and 
three Finnish. he institution receives 21,300 crowns 
Sweden depends almost entirely upon its forests for the fuel 


the forests of Sweden realized 165,000,000° crowns, about 
$46,000,000. In Denmark the revenue of the forests is esti- 
mated at 40 francs a hectare and a total of 7,000,000. The 
state forests yield 17 francs a hectare. In the last century 


|the forests of Sweden were owned by private proprietors 


and suffered a wasteful destruction of trees, which the state 
laws are now remedying under the direction of royal decrees 


|} and royal officers. 


PORTUGAL AND SPAIN 


The forest service of Portugal is both administrative and 
technical. The pine forests of Leiria, the resin manufac- 
tory and the forest of Busaco, are under a special direc- 
tion. In Spain the forests receive special attention; the 
conditions of climate and the prosperity of the people being 
so dependent upon forest vegetation that the Royal Govern- 
ment has taken charge in order to prevent the denudation 
of the mountains and the depopulation of the country. The 
forest administration in Prussia forms, as in France, a division 
of the financial department, with a director and a council of 
headmasters and corps of inspectors. There are also forestry 
brigades and guards, under rigid discipline. 


OUR OWN FORESTS. 


In its conclusions, as affecting the United States, in which 
there are 380,000,000 acres of wood land, the report says: 
The people of the United States have, up to a comparatively 
recent period, been famous destroyers of the forest. It is a 
significant fact that the American ax takes precedence in the 
markets of the world, and that the American chopper is the 
most expert axman. Thousands and thousands of acres of 





PRIZE CATTLE AT THE PARIS 


noble forest trees have been destroyed merely to rid the eacth 
of them, 


| national shows since 1230. 
The Western pioneer passed his life in the toil-} bition wasa peculiar one. 
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‘. 


May 24, 1879; 
Government, Federal, State, or municipal. ‘* Arbor Day” 
has been added to our scanty list of public holidays; you 
and old join in the cheerful labors of the day, and school 
religious societies are conspicuous in its observance. In one 
day in Topeka, the capital of Kansas, more was done jg 
beautifying the grounds belonging to the State by the free 
and voluntary labors of the citizens than had been done ig 
years under the authority of the Legislature, and at an ex. 
pense of several thousand dollars of the public money, 


NEW WAY TO SOW GRAIN. 


Some of the more progressive farmers of California rig g 
seed-sower behind their plows in such a way that although 
they plow from 8 to 10 inches deep, yet the grains of wheat 
fall just in time to be caught by about 2 inches in depth of 
the lap of the furrows. 

A writer for the San Francisco Bulletin says that large 
fields treated in this way, near Woodbridge, now present the 
prettiest sight imaginable. The jong rows extend in straight 
lines across the fields, evenly and in a fine state of growth, 
In ordinary seasons it is not considered necessary to harrow 
after sowing in this way if it ison summer-fallowed land, 


ABERDEEN CATTLE EXHIBITED AT PARIS. 


Tuts engraving, which we take from Land and Water, re 
presents the champion group of polled Aberdeen cattle ex. 
hibited at the Paris International Exhibition last year by Mr, 
McCombie, of Tillyfour, late M.P. for West Aberdeenshire, 
who has been a famous exhibitor at both national and inter. 


RS 
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EXHIBITION. 


In some senses this Paris Exhi- 
Not only did it attract, as an in- 


some labor of chopping and burning trees which his de-| ternational contest, the competition of all countries, but it 


scendants would gladly replace if they could. 

Of later years a growing public sentiment has sprung up 
in favor of the preservation of trees, both for ornament and 
use. The evils of forest destruction are now admitted, 
though our practice is not always in conformity with our 
theory. The practical question is, What can we do to pre- 
serve and restore our forests, to repair the waste of the past, 
and provide for the future? Governmental interference is 
a resource to be used sparingly, for the reason that it is not, 
as a rule, efficacious. There has existed for many years a 


statute against cutting timber on government lands, and it | 


is safe to say that few statutes have.been more persistently 
violated. In newly-settled sections few people see anything 


wrong in cutting government timber, especially when used | 


The timber-cutter’s act 


in the development of the country. 
In this 


has been more effectual than repressive legislation. 


| breeds of all countries. 


| presented in its system of a special group contest a novel and 


peculiarly testing trial of the comparative merits of the 
Consequently its results were cagerly 
anticipated by all interested in stock and agricultural pur- 


| suits, and certainly the Parisians were very highly surprised 


thereat. On the second day of judging, when all nations en- 
tered for the championship prizes or objets d’art of a hun- 


dred guineas’ value respectively, Mr. McCombie swept the 
field, gaining not only the £100 prize for the best breeding 


group in the foreign section, but also the £100 prize for the 
best beef-producing animals in the entire Exhibition. 


ALLIGATOR PERFUME. 
THE writer of the article descriptive of the Florida alli- 


gator, recently given in our SuPPLEMENT number, makes 


the government holds out substantial inducements for the | this addition: 


cultivation of trees, offers itself asthe patron and encourager 


of forestry, and thus fosters a popular sentiment in favor of | strong odor of musk he is capable of giving out. 
four glands that secrete this musk, two on the lower part of 
the head immediately under the throat, and two more, one 
each side of the vent 
| fluid, and is precisely in odorlike the musk sold by our per 
| fumers. ; 


tree growing. 
** ARBOR DAY.” 


The device of an annual “ Arbor Day,” originating, I be- 
lieve, in the State of Nebraska, has filled many Western 


I omitted, in speaking of the alligator, to mention the 
He has 


This-musk is a thick whitish yellow 


In stirring up a nest-of alligators, one is often re- 


necessary for its metallurgical industry. The revenues of | cities and towns with beautiful shade trees, at no cost to the | minded of an apothecary’s shop. 





